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PreFaCp:. 


The  present  volume  deals  principally  with  the  stratigraphical  and 
paleeontological  characteristics  of  the  Upper  Chalk.  It  fonns 
the  third' and  concluding  volume  of  Mr.  Jukes-Browne's  mono- 
graphic work  on  the  Upper  Cretaceous  Rocks  of  England.  After 
givmg  a  general  account  of  the  Upper  Chalk,  the  author  describes 
the  stratigraphical  features  of  this  stage  as  it  is  developed  in 
different  portions  of  the  country,  and  the  several  chapters  of  this 
part  of  tne  work  have  been  made  to  coincide  as  nearly  as 
possible  with  county  divisions,  for  convenience  of  reference.  On 
this  as  on  previous  occasions  the  Geological  Survey  has  received 
great  assistance  from  Mr.  William  Hill,  whose  detailed  investiga- 
tions on  the  microscopical  structure  and  composition  of  the 
different  zones  of  the  Upper  Chalk  are  published  in  the  present 
volume.  The  concluding  chapters  deal  with  the  pnysical 
features,  economic  products  and  liydrographic  characteristics  of 
the  ChaJk  formation  as  a  whole. 

A  work  of  this  kind  is  necessarily  based  to  a  great  extent  on 
the  labours  of  previous  observers,  and  a  general  bibliography  re- 
lating to  the  Upper  Cretaceous  Rocks  of  England,  therefore, 
finds  a  fitting  place  at  the  end  of  the  present  volume,  which  is  the 
last  of  the  series. 

Tn  this  preface  it  is  unnecessarv  to  refer  to  the  earlier  workers, 
who  have  laid  the  foundation  of  our  knowledge  of  the  Upper 
Chalk,  but  it  is  impossible  to  avoid  all  reference  to  the  brilliant 
researches  of  Dr.  Arthur  Rowe,  whose  papers  have  been  pubUshed 
during  the  preparation  of  this  volume.  The  result  of  these 
researches,  which  have  greatly  extended  our  knowledge  of 
the  White  Chalk  of  England,  have  been  incorporated  as  mr  as 
possible  in  the  present  volume,  but  the  original  papers  are  so 
concise  and  so  admirably  illustrated  that  they  must  be  consulted 
by  all  future  workers  on  this  formation. 

The  preparation  and  revision  of  the  General  List  of  fossils 
found  in  the  Chalk  has  occupied  a  great  deal  of  time,  and  it  is 
hoped  that  the  information  tnus  brought  together  as  regards  the 
zonal  range  and  the  geographical  distnbution  of  the  fossils  will 
be  appreciated  by  students  of  the  Cretaceous  fauna. 

The  fossils  collected  by  the  Survey  have  been  named  by  Mr. 
E.  T.  Newton  with  the  assistance  of  Mr.  H.  A.  Allen  and  Dr.  F.  L. 
Kitchin,  and  Mr.  Newton  has  revised  the  synonymy  in  the 
General  List  and  in  the  other  lists  throughout  the  volume. 
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prefaCp; 


The  present  volume  deals  principally  with  the  stratigraphical  and 
pakeontological  characteristics  of  the  Upper  Chalk  It  forms 
the  third  and  concluding  volume  of  Mr.  Jukes-Browne*s  mono- 
graphic work  on  the  Upper  Cretaceous  Rocks  of  England.  After 
giving  a  general  account  of  the  Upper  Chalk,  the  author  describes 
the  stratigraphical  features  of  this  stage  as  it  is  developed  in 
different  portions  of  the  country,  and  the  several  chapters  of  this 
part  of  tne  work  have  been  made  to  coincide  as  nearly  as 
possible  with  county  divisions,  for  convenience  of  reference.  On 
this  as  on  previous  occasions  the  Geological  Survey  has  received 
great  assistance  from  Mr.  William  Hill,  whose  detailed  investiga- 
tions on  the  microscopical  structure  and  composition  of  the 
different  zones  of  the  Upper  Chalk  are  published  in  the  present 
volume.  The  concluding  chapters  deal  with  the  pnysical 
features,  economic  products  and  liydrographic  characteristics  of 
the  Chalk  formation  as  a  whole. 

A  work  of  this  kind  is  necessarily  based  to  a  great  extent  on 
the  labours  of  previous  observers,  and  a  general  bibliography  re- 
lating to  the  Upper  Cretaceous  Rocks  of  England,  therefore, 
finds  a  fitting  place  at  the  end  of  the  present  volume,  which  is  the 
last  of  the  series. 

In  this  preface  it  is  unnecessary  to  refer  to  the  earlier  workers, 
who  have  laid  the  foundation  of  our  knowledge  of  the  Upper 
Chalk,  but  it  is  impossible  to  avoid  all  reference  to  the  brilliant 
researches  of  Dr.  Arthur  Rowe,  whose  papers  have  been  published 
during  the  preparation  of  this  volume.  The  result  of  these 
researches,  which  have  greatly  extended  our  knowledge  of 
the  White  Chalk  of  England,  have  been  incorporated  as  mr  as 
possible  in  the  present  volume,  but  the  original  papers  are  so 
concise  and  so  admirably  illustrated  that  they  must  be  consulted 
by  all  future  workers  on  this  formation. 

The  preparation  and  revision  of  the  General  List  of  fossils 
found  in  the  Chalk  has  occupied  a  great  deal  of  time,  and  it  is 
hoped  that  the  information  thus  brought  together  as  regards  the 
zonal  range  and  the  geographical  distribution  of  the  fossils  will 
be  appreciated  by  students  of  the  Cretaceous  fauna. 

The  fossils  collected  by  the  Survey  have  been  named  by  Mr. 
E.  T.  Newton  with  the  assistance  of  Mr.  H.  A.  Allen  and  Dr.  F.  L. 
Kitchin,  and  Mr.  Newton  has  revised  the  synonymy  in  the 
General  List  and  in  the  other  lists  throughout  the  volume. 
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THE    UPPER    CHALK    OF    ENGLAND. 


CHAPTER    I. 
GENERAL    ACCOUNT    OF    THE    UPPER    CHALK. 

A  general  account  of  the  Chalk  as  a  whole,  and  of  its  division 
into  Lower,  Middle  and  Upper  Chalk,  has  been  given  in  Volume 
n.  of  this  series  of  memoirs.  The  Lower  and  Middle  stages  were 
(l^K^ribed  in  that  volume,  and  the  present  one  will  deal  mainly 
with  the  Upper  Chalk. 

Since  the  description  of  the  Chalk  Rock  by  Mr.  Whitaker  in 
1859  (see  Vol.  II.  pp.  5  and  359),  the  Upper  Chalk  has  generally 
been  defined  as  all  that  part  of  the  Chalk  which  overUes  that 
rock  wherever  it  can  be  identified. 

Mr.  Whitaker  was  also  the  first  to  suggest  the  possibility  of 
su1>diyiding  the  Upper  Chalk  when  in  1865  he  distinguished 
the  comparatively  flintless  chalk  of  the  Margate  cliffs  from  the 
very  flinty  chalk  of  Broadstairs  and  Ramsgate,  the  superposition 
of  the  former  being  so  clear  that  he  described  the  two  divisions 
under  the  names  of  Margate  Chalk  and  Broadstairs  Chulk,* 
These  divisions,  however,  were  based  on  hthological  and  not  on 
faunal  differences. 

In  1870  Mr.  Caleb  Evans  made  an  attempt  to  distinguish  palfleon- 
tological  zones  in  the  Chalk  of  Surrey,  but  the  sections  he  de- 
acribedf  only  included  the  lowest  part  of  the  Upper  Chalk.  In 
this,  however,  he  found  two  distinct  life-zones :  (1)  that  of  Holaster 
planus  and  Micraster  corbovisy  (2)  that  of  Micra^ter.  cora/nguinum. 

In  the  same  year  appeared  a  paper  by  Mr.  Dowker  on  the  Chalk 
of  Thanet  and  East  Kent,J  in  which  he  referred  to  the  sub-divisions 
previously  made  by  PhilUps,  Conybeare,  and  Whitaker.  He  gives 
a  complete  section  through  the  Kentish  Chalk,  and  divides  the 
upper  part  into  three  stages  under  the  following  names  :— 

1.  Margate  Chalk.  ^  ^ 

2.  Bamsgate  Chalk. 

3.  St  Margaret  8  Chalk. 

f:  The  first  is  that  which  was  so  named  by  Mr.  Whitaker ;  the 
second  is  the  same  as  Mr.  Whitaker's  ''  Broadstairs  Chalk/'  and 
coincides  with  PhilUps'  **  chalk  with  many  layers  of  flints  *' ; 
the  third  is  the  nodular  chalk  with  scattered  flints,  which  includes 
the  equivalent  of  the  Chalk  Rock.    It  is  an  accident  that  Mr. 

*  Quart.  Journ.  Geol.  Sec.,  Vol.  xxL  p.  395. 

t  *^0n   some   Sections   of   Chalk  between     Croydon   and    Oxtead.*' 
GeoL  AiBSOc,  Lewes,  1870. 

X  OeoL  Mag.  Vol.  yiL»  p.  466  (1870). 
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Dowker's  divisions  correspond  closely  with  modem  zones,  for  he 
expressly  says  that  he  "  does  not  befieve  much  in  the  evidence 
of  fossil  zones." 

It  may  safely  be  stated,  however,  that  without  a  close  and 
careful  study  of  the  iossils  it  would  have  been  quite  impossible 
to  identify  the  Ramsgate  and  Margate  divisions  m  other  parts  of 
England;  because  the  lithological  peculiarities  which  these 
divisions  present  in  Kent  are  not  constant  throughout  the 
country.  All  recent  progress  in  our  knowledge  of  the  Upper 
Chalk  nas  been  gainea  by  a  study  of  its  fossils  and  by  adoptmg 
the  zonal  method  of  investigation.  A  chapter  on  "  The  Value  of 
Zones  in  the  Cretaceous  System  "  was  published  in  Volume  I., 
and  it  may  be  asserted  that  the  study  of  the  Upper  Chalk  is 
especially  and  essentially  a  study  of  zones. 

The  establishment  of  a  succession  of  zonal  sub-divisions  in 
this  part  of  the  Chalk  has  not  been  a  difficult  task,  because  the 
formation  is  exposed  in  so  many  fine  clifi'  sections  along  our 
southern  coast,  but  the  establishment  of  such  a  zonal  succession 
is  one  thing  and  the  mapping  or  following  of  each  zone  through 
inland  areas  is  another  and  much  more  difficult  matter.  It  is 
more  difficult  because  it  is  seldom  that  inland  exposures  show 
continuous  sections  tor  more  than  60  or  70  feet ;  because  old 
quarries  become  obscured  by  the  growth  of  talus-slopes;  and 
because  only  small  spaces  are  accessible  for  the  purpose  of 
collecting  fossils.  Hence  it  is  often  impossible  to  obtain  a 
sufficient  number  of  fossils  from  an  inland  exposure  to  determine 
the  zone  to  which  the  chalk  belongs  or  to  ascertain  whether 
more  than  one  zone  is  exposed. 

At  present,  therefore,  there  are  many  gaps  in  our  knowledge 
of  the  inland  areas  of  Upper  Chalk,  and  it  is  chiefly  by  the 
careful  collecting  of  local  ooservers  that  these  deficiences  can  be 
made  good.  Much  has  already  been  done,  especially  by  Dr. 
Blackmore,  near  Salisbury ;  by  Mr.  Meyrick,  near  Marlborough ; 
by  Mr.  Ch.  Griffith  and  Mr.  K.  M.  Brydone,  in  Hampshire ;  by 
Mr.  Dibley,  in  Kent,  and  by  Mr.  Stather,  in  Yorkshire ;  and  to 
all  these  gentlemen  I  am  much  indebted  for  their  readiness  to 
impart  information  and  lists  of  fossils.  In  spite  ot  their  assist- 
ance, however,  and  of  the  information  thus  added  to  the  observa- 
tions of  Mr.  W.  Hill  and  myself,  we  feel  that  much  still  remains 
to  be  done  before  our  knowledge  of  the  inland  areas  of  the 
Chalk  can  be  made  anything  like  complete.  Those  of  the 
following  chapters  which  deal  with  such  areas  must  therefore  be 
regarded  merely  as  contributions  to  such  knowledge,  but  they 
will,  I  hope,  serve  to  show  the  lines  on  which  further  investiga- 
tion will  be  productive  of  good  results. 

Of  the  sections  exposed  in  the  cliffs  of  our  southern  coasts  it 
is  possible  to  give  much  more  complete  descriptions,  and  in 
this  connection  we  desire  to  express  our  high  opinion  of  the 
value  of  the  work  done  by  Dr.  A.  W.  Rowe,  whose  papers  have 
added  much  to  our  knowledge,  and  have  afforded  us  much 
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assistance,  more  especially  in  dealing  with  the  coasts  of  Sussex 
and  of  Dorset.  We  also  fully  accept  his  work  on  the  British 
species  of  Micraster  and  his  able  discrimination  of  the  different 
forms  and  their  varieties  which  have  proved  so  useful  in  the 
delimitation  of  the  lower  zones  of  the  Upper  Chalk. 

Zonal  Sub-division  of  the  Upper  Chalk. 

The  first  to  attempt  a  systematic  zonal  sub-division  of  the  whole 
English  chalk  was  Professor  Ch.  Barrois,  of  Lille.  His  excellent 
account  of  the  chalk  of  the  Isle  of  Wight  was  published  in  1875, 
and  his  larger  Memoir,  "  Sur  le  Terrain  Cr^tace  Sup^rieur  de 
TAngleterre  et  de  Tlrelande,"  in  1876.  The  zones  into  which 
he  divided  the  Upper  Chalk,  and  w^hich  he  described  throughout 
*he  South  of  England,  as  well  as  in  Norfolk  and  Yorkshire,  were 
the  following  :— 

1.  Zone  A  Belemnitelle^.  ^ 

2.  Zone  jV  Marsupites. 

3.  Zone  i\  Micraster  coranguinum. 

4.  Zone  tV  Micraster  cortestudinariuin, 

5.  Zone  a  Holaster  planus. 

Only  the  firat  four  of  these  were  grouped  by  him  in  the  Senonian, 
the  lowest  being  classed  with  the  Turonian,  as  was,  and  still  is, 
customary  in  France.  It  should  be  observed,  how^ever,  that  these 
zones  were  not  quite  identical  with  those  which  had  been  previ- 
ously established  in  France,  mainly  by  the  researches  of  Edmond 
ITebert.    These  zones  were  :— * 

1.  Zone  of  Bfeleranitella  mucronata, 

2.  Zone  of  Belemnitella  quadrata. 

3.  Zone  of  Micraster  coranguinum. 

4.  Zone  of  Micraster  cortestudinarium. 

5.  Zone  of  Holaster  planus. 

It  will  l)e  noticed  that  in  Hebert's  scheme  there  is  a  zone  of 
Belemnitella  (ActinocaTnax)  quadrata,  which  does  not  appear  in 
that  of  Professor  Barrois,  whose  zone  of  Marsupites  would  seem 
to  take  its  place.  This,  indeed,  is  really  the  case,  for  although 
Professor  Barrois  states,  on  p.  21  of  his  "  Recherches,"  that  his 
zone  of  Marsupites  was  formed  at  the  expense  of  Hebert's  zone 
of  Micraster  coranguinum,  and  corresponds  to  the  upper  part  of 
that  zone,  yet  he  includes  in  his  zone  of  Marsupites  all  the  chalk 
of  the  Sussex  cliffs  between  Brighton  and  Newhaven,  the  chalk  of 
Hamham,  near  Salisbury,  and  the  flintless  chalk  of  Yorkshire, 
all  of  which  are  certainly  referable,  in  part  at  least,  to  the  zone  of 
Act.  quadratus.  Moreover,  when  dealing  with  the  chalk  of  York- 
shire, Professor  Barrois  recognised  that  the  chalk  which  contains 
Marsupites,Actinoca7nax  Merceyi  (  =  A.granulatus),  and  Act.  gyxid- 
ratus  is  the  equivalent  of  the  "  quadrata  "  chalk  of  Germany,  and 
he  remarks :  **  I  consider  it  therefore  as  proved  that  the  zone  pf 

♦  Geol.  Mag.,  Vol.  vi.  (1869),  p.  200,  and  Bull.  Soc.Geol.  de  France,  Ser.  3, 
T.  ill  p.  595  (1875). 
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MarsupUea  in  England  corresponds  to  the  SerumAen  a  Bd.  quadrata 
in  the  north-west  of  Germany."    (Recherches,  p.  199.) 

The  fact  is  that  Barrois'  **  zone  A  Bdenmitdles  "  was  really  the 
zone  of  Bdemnitella  mucrcmata  only,  and  did  not  include  that  of 
Act.  quadratus  (as  may  be  seen  from  the  table  at  the  end  of  this 
volume) ;  while  his  zone  of  Marsupites  included  a  great  thickness 
of  chalk  in  which  Marsupites  have  never  been  found,  but  in  which 
both  Act.  quadratus  and  Act.  granulatus  are  common. 

At  the  same  time,  full  credit  must  l)e  given  to  Professor  Barrois 
for  being  the  first  to  demonstrate  the  wide  extension  of  the  chalk 
which  does  contain  Marsupites,  and  for  correctly  indicating  its 
position  between  the  flinty  chalk  of  the  Micraster  coranguinum 
zone  and  the  chalk  in  which  Bdemnites  are  common  ;  for  it  had 
previously  been  supposed  that  the  Margate  Chalk  was  of  about 
the  same  age  as  the  Norwich  Chalk. 

The  careful  collecting  of  fossils  near  Salisbury  by  Dr.  H.  P. 
Blackmore  and  Mr.  E.  Westlake,  as  well  as  in  Kent  and  Sussex 
by  Dr.  A.  W.  Rowe  and  Mr.  C.  D.  Sherborn,  has  fully  established 
the  position  of  the  Marsupite  chalk.  There  is  now  no  doubt  that 
both  Marsupites  and  the  allied  genus  TJiatacrinus  are  restricted 
to  a  certain  thickness  or  zone  of  chalk,  and  that  these  peculiar 
Crinoids  are  associated  with  a  small  but  distinct  zonal  fauna. 

The  zone  of  AnAvnocamaan  quadratus,  has  also  undoubtedly  a 
faima  of  its  own,  which  is  distinct  from  that  of  the  underlying 
zones,  and  from  that  of  the  overljdng  Bel,  vwucronata  zone.  It 
can  be  recognised  wherever  a  sufficient  thickness  of  chalk  emerges 
from  benea^  the  transgressive  and  unconformable  Eocene  Series. 
In  1878  Prof.  Barrois  himself  acknowledged  the  existence  of  this 
zone  in  France,*  and  it  has  been  recognised  in  England  by  Mr. 
Westlake,t  by  Dr.  Blackmore,J  and  by  Dr.  A.  W.  Bowe.|| 

In  his  Memoir  on  the  Ardennes,  Professor  Barrois  retained 
a  zone  of  Marsupites,  and  referred  the  chalk  of  St.  Omer  to  this 
zone,  although  no  remains  of  Marsupites  have  yet  been  found  there. 
He  still  considered,  however,  that  his  zone  of  Marsupites  was 
formed  at  the  expense  of  Hubert's  zone  of  Micraster  coranguinum, 
and  he  proposed  to  designate  the  lower  part  of  this  chalk  by  the 
name  of  Inocera/nMis  intolutus,  these  two  zones  making  up  an 
"  assise  k  M.  coranguinum  **  thus— 

Zone  of  Marsupites  ]  .    .       .  ,, 


♦  Le  Terrain  er^toe^  des  Ardennes,  Ann.  Soc.  Geo).  Nord,  T.  v.  p.  480. 

t  Tabular  Index  to  the  Upper  Cretaceous  Fossils  cited  by  Dr.  Ch.  Barrois 
Fordiagbridge,  4ta  (1888). 

t  Notes  on  the  Aptychi  from  the  Upper  Chalk,  Gcol.  Mag.,  Dec  4, 
Vol.  iu.  p.  629  (1896). 

1  The  Zones  of  the  White  Chalk  of  the  English  coast,  I.  Kent  and  Sussex, 
Proc  Qcol.  Assoc.,  VoL  xvL  p.  290  (1900).    II.  Dorset,  Id.  Op.  vol.  xvii.,  p.  1 
1901). 
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It  does  not,  however,  seem  at  all  certain  whether  the  French 
equivalent  of  the  Marsupite  chalk  was  really  included  in  Hubert's 
zone  of  Micr.  coranguinum,*  but  in  any  case  I  prefer  the  plan 
adopted  by  Professor  Barrois  in  his  "  Recherches,"  where  he  retained 
the  term  *'  zone  of  Micraster  coranguinum  "  for  the  chalk  below 
the  Marsupite  zone. 

With  respect  to  the  lower  zones,  these  have  already  been  dis- 
cussed in  Vol.  II.  p.  360,  where  it  was  explained  that  the  arrangement 
adopted  on  the  maps  of  the  Geological  Survey  will  also  be  em- 
ployed in  this  Memoir,  This  arrangement  includes  the  Chalk 
llock  and  the  zone  of  Holaster  planus  in  the  Upper  Chalk. 

The  highest  chalk  in  England  is  found  on  the  coast  of  Norfolk 
near  Trimingham  and  Mundesley,  and  as  this  contains  a  special 
fauna  of  its  own  we  propose  to  separate  it  as  the  zone  of  Ostrea 
lujiata. 

In  this  Memoir,  therefore,  the  Upper  Chalk  will  be  regarded  aa 
consisting  of  the  following  zones  :— 

'Zone  of  Ostrea  lunata. 
B.    Zone  of  Belerrmitella  mvjcronata. 
Zone  of  ActiihocaTtiax  quadratus. 
.Zone  of  Marsupites  testtidmarius. 

.    [Zone  of  Micraster  coranguvwwnh, 
'  I  Zone  of  Micraster  cortestvdinarium^ 
IZone  of  Holaster  planus. 

It  will  be  seen  that  we  have  grouped  the  three  lower  zones  as  a 
division  A,  and  the  four  upper  zones  as  division  B,  and  we  have 
done  so  to  mark  our  belief  that  the  Upper  Chalk  includes  more 
than  one  division  of  the  value  of  a  stage.  The  fauna  of  group  A, 
regarded  as  a  whole,  contains  many  species  and  varieties  which 
do  not  range  up  into  the  beds  of  group  B,  while  others  occurring 
in  the  higher  zones  do  not  occur  below.  Division  A  is  essentially 
the  chalk  with  Micrasters,  and  division  B  is  essentially  the  chalk 
with  Belemnites, 

Our  knowledge  of  the  several  faunas,  however,  is  not  yet  suffi 
ciently  complete  to  enable  us  to  say  precisely  where  a  line  could 
best  be  drawn  between  the  two  divisions  or  stages,  and  it  is  possible 
that  some  modifications  of  the  zones  will  have  to  be  made  before 
two  such  stages  can  be  established.  Moreover,  if  such  a  division 
be  found  natural  and  desirable  the  existing  nomenclature  of  the 
chalk  will  have  to  be  abandoned,  for  the  formation  will  then  be 
divided  into  four  parts  instead  of  three,  so  that  the  names  Lower, 
Middle,  and  Upper  could  no  longer  be  retained.  The  time  has 
hardly  yet  arrived  for  this  change  to  be  made,  but  Mr.  Hill  and  I 

♦  M.  de  Orossouvre  has  recantly  shown  that  the  zone  of      armpites  is 
1  (equivalent  of  his  zone  of  Flacentlceras  syrtale  and  that  it  lies  below 

the  Act,  quadratus  zone.    See  his  Recherches  sur  la  Craie  Sup^rieur,  p.  799 

(1901X 
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wish  to  express  our  belief  that  it  will  come,  and  tliat  some  scheme 
of  nomenclature  more  resembling  that  of  the  French  geologists 
will  have  to  be  adopted  for  the  Upper  Cretaceous  Series  of  England. 

Zone  of  Holaster  planus. 

This  zone  was  first  distinguished  from  the  overlying  chalk  near 
Dieppe  by  Professor  Hubert  in  the  year  1866,*  and  in  1869t  he 
recognised  the  same  horizon  in  the  Chalk  Rock  described  by  Mr. 
Whitaker.  He  was  also  the  first  to  recognise  its  equivalent  in 
the  cliffs  near  Dover,  which  he  described  hi  1874.J  It  there  forms 
the  lower  part  of  the  St.  Margaret's  Chalk  of  Mr.  Dowker,  and 
the  "  chalk  with  interspersed  flints  "  of  W.  Phillips. 

The  zone  was  adopted  by  Prof.  Barrois  in  1876,  and  a  zone  of 
Holdster  planus  has  been  accepted  by  all  subsequent  observers, 
though  there  have  been  differences  wath  regard  to  its  limits. 

The  chalk  of  this  zone  varies  much,  both  in  its  lithological  cha- 
racters and  also  in  its  fossil  contents  ;  in  fact,  it  presents  three  very 
different  facies  in  different  parts  of  England,  and  these  may  be 
called  the  southern,  the  midland,  and  the  northern  facies. 

The  southern  facies,  well  exposed  at  Dover,  exhibits  a  series 
of  alternating  harder  and  softer  beds,  the  former  consisting  of 
lumps  of  hard,  compact  chalk  set  loosely  in  a  softer  matrix.  These 
lumps  have  a  yellowish  tinge  and  have  a  tendency  to  form  layers  ; 
sometimes,  indeed,  being  so  closely  packed  as  to  form  a  hard,  rocky 
layer.  The  softer  beds  between  are  either  greyish  white  or  are 
streaked  with  grey.  FUnts  occm*  throughout,  generally  scattered, 
and  seldom  forming  a  regular  continuous  layer.  This  facies 
occm^  all  round  the  Wealden  area,  through  Hants  and  the  Isle  of 
Wight,  and  with  sUght  variations  into  South  Dorset  and  Devon. 

Another  facies,  that  of  the  Chalk  Rock,  ranges  along  the  main 
outcrop  from  the  north  of  Dorset  to  Cambridgeshire,  and  this 
rock  must  be  considered  as  a  condensed  equivalent  of  the  southern 
type,  for  it  is  sometimes  not  more  than  4  or  5  feet  thick.  The 
Chalk  Rock  proper  must  be  distinguished  from  the  Chalk  Rock- 
beds,  which  often  exhibit  a  lower  and  an  upper  rock-bed  separated 
by  a  variable  thickness  of  loose  nodular  chalk. 

The  Chalk  Rock  in  its  most  soUd  form  consists  of  several  beds 
of  hai-d  compact  limestone,  each  terminating  upward  in  a  layer 
of  green  coated  nodules  of  compact  yellowish  and  slightly  phos- 
phatic  limestone.  It  frequently  contains  glauconite,  and  sometimes 
the  grains  are  so  numerous  that  it  may  be  described  as  a  glauconitic 
limestone.    It  is  very  variable  in  thickness  and  in  its  aspects,  as 

*  Comptes  BenduB  de  TAcad.  des  Sciences  for  186G. 
t  See  Ged.  Mag.,  Vol.  vi.  p.  200.  (1869). 
;  Bull.  See.  G&l.  France.  S.  3.  Vol.  IL  p.  416. 
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well  as  in  the  number  of  fossils  it  contains,  these  being  abundant 
in  some  places  and  very  rare  in  others.  Flints  seldom  occiu*  in  the 
Chalk  Rock,  except  in  that  of  Wilts  and  Dorset. 

The  third,  or  northern,  facies  is  found  in  Norfolk,  Lincolnshire 
and  Yorkshire.  In  Norfolk  it  appears  as  a  band  or  zone  of  rather 
hard  white  chalk  \vith  frequent  layers  of  flints,  but  without  any 
nodular  beds  or  other  special  features.  In  Lincolnshire  there  is  a 
zone  of  similar  chalk.  In  Yorkshire  there  is  a  great  thickness  of 
very  hard  white  chalk  which  is  nearly  homogeneous,  lies  in  thick 
beds,  and  contains  frequent  layers  of  flints  which  are  grey  or  grey- 
ish black  inside. 

The  characteristic  fossils  of  this  zone,  and  especially  of  the  Chalk 
Rock-  are — Heteroceras  reussianum,  Ammonites  [Pachydiscus] 
peramplus,  Scaphites  Geinitzi,  Trochus  Schluteri,  Solaridla 
gemTnata  (=  Turbo  gemm£itus)y  Holaster  planus,  Micraster  Leskei, 
and  Camerospongia  campanulata. 

Zone  of  Micaster  cortestudinarium. 

We  have  retained  this  zone  because  it  can  sometimes  be  dis- 
tinguished from  that  of  Holdster  planus,  but  we  doubt  whether 
its  fossils  really  form  a  separate  zonal  assemblage  and  think  that  in 
the  futiu'e  it  may  be  found  more  in  accordance  with  the  facts  of 
the  case  to  consider  the  two  as  forming  one  zone,  in  which  two 
sub-zones  can  sometimes  be  recognised. 

The  zone  of  Micraster  cortestudinarium  was  established  in 
France  by  Professor  Hebert  (1866)  and  was  also  identified  by  him 
in  the  Dover  cliflFs  (1874).*  Its  wider  extension  through  England 
was  indicated  by  Dr.  Barrois  in  1876 .f  It  coincides  with  the  upper 
part  of  what  W.  Phillips  called  **  the  chalk  with  interspersed  flints  '* 
at  Dover,  which  was  subsequently  called  the  St.  Margaret's  Chalk 
by  Mr.  Dowker. J 

In  the  south  of  England  the  chalk  of  this  zone  is  practically 
a  continuation  of  the  zone  of  Holaster  planus,  and  its  upper  limit 
is  not  always  very  clearly  marked.  Moreover,  there  are  few  fossils 
which  are  specially  characteristic  of  it ;  the  Micrasters  which 
Qccin:  have  certain  special  features,  and  belong  to  the  proicursor 
group  of  Dr.  Rowe;§  some  of  the  varieties  resemble  M,  coi'tes- 
tudinarium  in  many  respects,  but  few  of  them  have  the  breadth 
and  depressed  outline  of  Goldfuss'  type  of  that  species.  Holaster 
pkLcentais  a  species  which  both  Professor  Hubert  and  Dr.Rowehave 
have  found  to  be  not  uncommon  in  this  zone  near  Dover,  in  Sussex 
and  in  Dorset,  but  we  do  not  yet  know  whether  it  occurs  in  other 

♦  Bull.  See.  G^l.  Franc,  Ser.  3,  Vol.  ii.  p.  416. 

t  Becherches  sur  le  Terr.  Cr^t.  Sup.  de  1  Angleterre,  Lille  (1876) 

t  See  Geol.  Mag.,  Vol.  viL  p.  466  (1870). 

§  Quart.  Journ.  Qed.  See.,  vol.  Iv.  p.  530.  (1809). 
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parts  of  tho  country.    HoUbster  planus  is  also  found,  but  not  so 
commonly  as  in  the  zone  below. 

Dr.  A.  W.  Bowe  is  of  opinion  that  in  the  south  of  England  this 
zone  can  always  be  distinguished  from  that  of  Holaster  planus 
by  the  character  of  the  Micrasters.  Mioraster  Leskei  and  M.  cor- 
bovis  do  not  occur,  but  special  varieties  of  M.  prcBcursor  and 
M,  cortestudin^irium  are  common.  He  sa}^,  "We  find  no  Mi- 
craster  with  '  smooth  '  or  *  sutured '  ambulacra  in  this  zone,  but 
they  are  all  of  the  '  strongly  inflated,'  or  more  commonly  of  tlie 
'  sub-divided '  type.  This  applies  equally  to  broad  and  narrow 
forms."* 

Where  Micrasters  are  sufficiently  abundant  they  \^ill,  if  closely 
studied,  doubtless  serve  to  distinguish  this  from  the  zones  above 
and  below,  but  where  Micrastei's  are  rare,  as  in  some  counties, 
this  evidence  fails  us ;  and  Dr.  Eowe  does  not  mention  any  other 
fossil  which  would  assist  us  in  distinguishing  the  two  zones.  It 
"*s  true  that  several  species  which  are  common  in  the  zone  of  Hoi, 
planus,  such  as  Terebratula  camea,  and  Pentacrinus  Agassizi, 
are  rare  or  absent  in  the  upper  zone,  but  the  fact  remains  that  there 
are  many  inland  locaUties  where  it  is  difficult  to  distinguish  one 
zone  from  the  other. 

In  the  south  of  England  this  zone  consists  in  the  lower  part 
of  rough  nodular  chalk,  often  greyish-white  or  white  with  grey 
streaks  and  bands.  The  flints  in  this  part  are  generally  compact 
and  solid,  either  black  or  grey  inside,  and  often  with  a  thick  wliite 
rind.  The  higher  part  of  the  zone  consists  of  firm  whitish  chalk, 
often  rather  rough  and  lumpy,  never  quite  homogeneous,  and 
frequently  stained  yellow  in  the  cracks.  Layers  of  hard  nodulai* 
chalk  occur  at  intervals.  Its  ffints  are  often  of  the  carious  type- 
that  is  to  say,  tliey  are  full  of  holes  and  cavities,  with  a  rough  ex- 
ternal surface,  and  generally  contain  remains  of  Sponges.  With 
these  are  some  solid  dark-grey  flints,  which  also  contain  many 
sponge  spicules.  Tlie  flints  are  for  the  most  part  scattered  ir- 
regularly through  the  Chalk,  but  in  the  higher  portion  of  the 
zone  layers  of  ffints  occur,  and  there  are  also  some  continuous 
layers  or  flooi-s  of  flint. 

In  the  valley  of  the  Thames  and  in  the  counties  to  the  noi-tli- 
ward  this  zone  consists  chiefly  of  smooth  white  chalk,  nodular 
beds  occurring  only  at  distant  intervals;  moreover,  fossils  arc 
scarce  in  it,  so  that  it  is  difficult  to  determine  where  it  lx?gins  or 
ends.  Still  further  north,  in  Norfolk,  Lincolnshire,  and  Yorkshire 
there  are  no  nodular  beds,  and  fossils  are  equally  scarce,  so  that 
the  same  difficulty  exists. 

*  On  the  Zones  of  the  White  Chalk  of  the  English  Coast,  Proc.  Geol. 
Assoc.  Vol.  xvi.  p.  309  (1900).  For  the  characters  of  the  Micrasters,  see 
Dr.  Rowe's  Memoir  in  Quart  Journ.  Ge<Jl.  Soc,  Vol.  Iv,,  p.  494  (1899), 
and  the  brief  descriptions  given  hereafter  on  pp.  22  to  27. 
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Zone  of  Micraster  Coranguinum. 

A  zone  of  Micraster  coranguinum  was  first  astablished  by  Hubert 
in  1863,*  to  include  all  the  chalk  between  the  zone  of  M,  cortes- 
tudinarium  and  that  which  contained  Actijiocamax  quadratus, 
but  he  afterwards  divided  it  into  two  parts,  the  lower  of  which  he 
called  the  "  chalk  with  banded  flints  "  (silex  zones),  and  the  upper 
was  (in  France)  "  chalk  with  cavernous  flints  "  (silex  cariis). 

In  England,  however,  cavernous  flints  are  most  abundant  in  the 
lower  part  of  the  zone,  and  banded  flints  higher  up,  so  that,  as  Pro- 
fesser  Barrois  pointed  out  in  ISTS.f  the  characters  of  the  flints  are 
not  maintained  over  large  areas,  though  they  are  useful  within 
limited  districts. 

The  chalk  of  this  zone  is  generally  pure  white,  firm  and  homo- 
geneous, but  some  beds  both  in  the  lower  and  upper  part  of  it  are 
full  of  fragments  of  Inoceramus-shell,  some  large,  and  some  small, 
and  even  when  these  are  too  small  to  be  visible  to  the  eye,  they 
give  a  character  to  a  slide  of  this  chalk  under  the  microscope. 

The  fossils  which  are  usually  to  be  found  in  this  zone  are  Micraster 
coranguinum  and  its  variety  latior,  Galerites  albogalerus^ 
Epiaster  gibbus,  Cidaria  sceptrifera,  C,  peromata,  Inocerarwus 
involtUus,  and  in  the  south  of  England  the  small  Actirvocamax 
verua  occasionally  occurs  in  the  highest  part  of  the  zone,  but 
other  Belemnites  are  rarely  found. 

The  flints  are  very  numerous,  occurring  chiefly  in  regular  layers 
at  short  distances  apart,  and  there  are  also  continuous  seams  or 
floora  of  flint.  In  the  lowest  beds  various  flints  containing  remains 
of  Doryderma  ramosum  are  frequent,  and  above  them  there  are 
often  beds  which  contain  the"  silex  u  zones  nuageuses  "  of  Professor 
BarroLs,  solid  black  or  brownish  flints  which  have  a  milky  white 
band  or  zone  near  the  outer  margin,  but  separated  from  it  by  a 
margin  of  ordinary  dark  flint.  The  highest  beds  in  Wilts  and 
Doi"set  have  flints  with  thick  rinds  which  often  consist  of  separate 
grey  and  pink  layers,  and  thus  have  an  agate-like  appearance. 

Zone  of  Marsupites  testudinarius. 

Tlie  zone  of  Marsupites  was  founded  by  Professor  Barrois  in 
1876,  as  already  mentioned.  The  chalk  of  which  it  consists  is  soft 
white,  homogeneous  and  brittle.  Sometimes  it  is  massive  and 
traversed  by  long  joints,  sometimes  it  is  distinctly  bedded,  and 
includes  many  thin  seams  of  marl. 

It  always  contains  fewer  flints  than  the  zone  below,  and  sometimes 
(as  at  Margate  and  in  Yorkshire)  it  is  almost  destitute  of  flints. 
When  flinte  occur  they  are  always  soUd  and  black  inside,  with  a 
white  rind  or  cortex,  but  the  thickness  of  this  rind  varies ;  in 
Eastern  Sussex  it  is  thin,  but  in  Wilts,  where  the  zone  is  much 

♦  BuU.  See.  G6ol.  de  France,  Ser.  2,  Vol.  xx.  p.  609. 

t  Terrain  Cr^tac^  des  Ardennes,  Ann.  See  G^L  Nord,  T.  v.  p.  445. 
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thicker,  the  flints  in  the  lower  part  have  hardly  any  rind  at  all, 
while  those  in  the  upper  part  have  a  thick,  dull  white  rind  from  a 
thii'd  to  more  than  half  an  inch  thick. 

m 

In  the  south  of  England  the  depth  or  thickness  of  this  zone 
seems  to  be  from  90  to  120  feet,  but  in  Yorkshire  there  is  about 
400  feet  of  flintless  chalk  which  seems  to  be  referable  to  it. 

The  most  characteristic  fossils  of  the  zone  besides  Marsujrites 
are  Uintdcrinus  v>estfalicus,  Eckinocorys  scutatus,  var,  pyramidatuSy 
ActinocaTnax  vents,  Act,  granulatvs  (  ^  A.  Merceyi),  Ammonites 
[Haploceras]  leptojihyllus,  and  a  species  of  Terd)ratulina  recently 
described  by  Dr.  Kitchin  as  Ter.  Itowei,  In  the  south  of  England 
the  zone  seems  to  be  always  divisible  into  a  lower  and  an  u])per 
part ;  the  lower  part  is  termed  by  Dr.  Rowe*  the  Uintacrinus 
Band,  and  the  upper  part  the  Marsupites  Band,  from  the  re- 
stricted occurrence  of  the  plates  of  these  Crinoids.  In  the  same 
way  Act.  verus  only  occurs  in  the  lower  band  and  Act.  gratiuUitus 
chiefly  in  the  upper  band. 

This  zone  has  been  recognised  in  Kent,  Sussex,  Hampshire,  Wilt- 
shire, Doi*set,  the  Isle  of  Wight,  Suffolk,  Norfolk  and  Yorkshire. 
It  probably  exists  beneath  some  parts  of  the  London  Basin,  but 
the  only  places  within  the  cincture  of  that  basin  where 
Marsupite  plates  have  yet  been  found  are  Margate  in  Kent, 
Chinham  in  Hants,  and  Monlvs  Eleigh  in  Suffolk. 

Zone  of  Actinocamaz  quadratus. 

This  zone,  originally  known  as  that  of  Delemnitella  quadrata, 
was  recognised  by  Strombeck  in  Germany  about  1855,  and  by 
Hubert  in  France  in  1863.f  but  it  was  not  till  1869,  that  it  was 
definitely  separated  from  the  Meudon  chalk  or  zone  of  Bdemnitdla 
mucronata  in  the  Paris  Basin.  Professor  Barrois  recognised  its 
existence  in  Yorkshire  in  his  "  Recherches  "  of  1876,  but  not  in  the 
south  of  England,  where  its  establishment  has  been  due  primarily 
to  Dr.  H.  P.  Blackmore  and  Mr.  E.  Westlake,  and  where  it  has  been 
studied  more  recently  by  Dr.  A.  W.  Bowe.} 

The  chalk  of  this  zone  is  white,  firm,  and  regularly  bedded,  and 
in  the  east  of  England  it  contains  numerous  thin  seams  of  marl. 
Generally,  also,  it  has  many  layers  of  flints,  but  these  are  never  so 
close  together  as  in  the  zone  of  Micraster  coranguinum,  being 
seldom  less  than  3  feet  apart,  and  often  only  at  intervals  of  6,  8,  or 
9  feet.  Thin  seams  of  continuous  flint  are  common  in  this  chalk, 
and  some  oblique  fissures  are  also  filled  with  flint.  The  flints  are 
always  sohd  and  black  inside,  and  generally  have  a  moderately 
thick  rind  from  |  to  ^  of  an  inch  deep.  Sometimes,  however, 
or  perhapsin  some  parts  of  this  zone,  the  flints  have  very  thick 
white  rinds.  In  Sussex  Dr.  Rowe  found  the  rinds  to  be  generally 
pink. 

*  The  Zones  of  the  White  Chalk,  Proc.  Geol.  Assoc.,  Vol.  xvi.  p.  296. 
t  Bull.  Soc.  Q^l.  de  France.  Ser.  2,  txx.,  p.  565. 
X  For  references,  see  pp.  81  and  07. 


GENERAL  ACCX)UNT.  11 

The  zone  of  Act,  quadratus  has  been  traced  throughout  the  Hamp- 
shire Basm  from  Sussex  to  Dorset ;  it  emerges  from  beneath 
the  overstep  of  the  Eocenes  in  Suffolk,  and  can  be  followed  thence 
to  the  north  coast  of  Norfolk.  Its  further  extension  lies  chiefly 
beneath  the  sea  outside  the  coast  of  Lincolnshire  and  Yorkshire, 
but  comes  into  the  cliffs  again  near  Bridlington,  and  forms  the 
upper  part  of  the  flintless  chalk  of  Yorkshire. 

Dr.  Bowe  states  that  the  passage  from  the  zone  of  Marsupites 
to  that  of  Act.  quadratus  in  Sussex  is  marked  by  a  kind  of  neutral 
band,  in  which  neither  Marsupites  nor  Off  aster  pillvla  are  found, 
but  in  which  Actinocamax  granulatus  occurs,  a  species  which  is 
common  to  both  zones  ;  this  neutral  band  is  about  20  feet  thick. 

Fossils  are  not  alwavs  abundant  in  this  zone,  and  the 
characteristic  Belemnite  appears  to  be  rare  in  the  lower  beds,  but 
Off  aster  pillula  ranges  from  base  to  summit,  and  is  generally  to  be 
found,  occurring  at  some  horizons  in  great  abundance.  Bdem- 
nitdla  Unvceolata  occurs  in  some  districts,  and  Dr.  Bowe  observes 
that  a  species  of  BourgueticriwuSy  not  yet  described,  is  characteristic 
of  this  zone.  He  also  mentions  certain  Bryozoa  as  good  zonal 
guides,  especially  Vincularia  sanUmensis  and  Eschara  Dariae, 
and  a  special  form  of  Cribrilina, 

From  the  above  it  will  be  seen  that  in  England  the  Belemnite 
from  which  the  zone  has  been  named  is  not  a  very  good  index  or 
^uide  fossil,while  Off  aster  pUlvla  is  common,  and  is  almost  restricted 
to  the  zone.  On  this  point  Dr.  Bowe  remarlvs—  "  Were  not  Belem- 
nitdla  mucronata  such  an  excellent  name-fossil  for  the  zone  above, 
thus  giving  a  continuity  between  the  two  species,  it  would  be  much 
better  to  do  away  with  the  present  name  for  the  lower  zone  as  far 
as  England  is  concerned."*  He  suggests  that  it  might  be  called 
the  zone  of  Off  aster  pillula,  and  that  it  may  admit  of  division  into 
two  sub-zones,  a  lower  characterise  dby  Actinocamax  granvlatus, 
and  an  upper  by  Act.  quadratus.  This  proposal  has  much  to 
recommend  it,  but  in  the  present  memoir  I  have  thought  it  best 
to  retain  the  original  name  of  the  zone. 

Zone   of  Belemnitella  mucronata. 

The  zone  of  Bd.  mucronata  has  been  long  established  both  in 
Grermany  and  France.  In  France  it  is  also  known  as  the  Chalk 
of  Meudon,  and  in  England  its  best  known  exposure  is  the  Chalk 
of  Norwich.  It  was  first  recognised  as  a  zone  in  this  country 
by  Professor  Barrois,  though  he  did  not  clearly  separate  it  from 
the  zone  of  Act.  quadratus.  His  zone  d  Belemnitdles  does,  however, 
consist  for  the  most  part  of  the  Bd.  mucronata  chalk,  which  is 
certainly  distinguishable  from  the  zone  of  Act.  quadratus. 

The  chalk  of  this  zone  is  soft,  white,  and  pure.  Flints  are 
not  very  abundant,  at  any  rate  in  the  lower  pari,  where  tliey 

*  1*1  oc  Geol.  Assoc.,  \'oi.  x\i.,  i  lil5 
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are  always  small ;  in  the  higher  part  they  are  more  numerous, 
and  very  large  cup-shaped  or  cylindrical  flints  sometimes  occur 
of  the  kind  which  have  been  called  "  Paramoudras." 

It  is  only  in  the  central  parts  of  the  Cretaceous  basins  that 
this  zone  is  found,  and  the. thickness  exposed  varies  greatly  because 
of  the  unconformity  between  the  Cretaceous  and  Eocene  systems. 
In  the  Hampshire  basin  its  maximum  thickness  is  probably  250 
feet.  It  has  apparently  been  entirely  removed  from  the  southern 
part  of  the  London  Basin,  and  is  only  foimd  again  in  the 
northern  prolongation  of  that  basin,  i.e.  in  Norfolk,  where  its  full 
thickness  must  be  present,  although  its  surface  is  for  the  most 
part  hidden  beneath  the  Crag  and  Drift  deposits. 

As  to  fossils,  Bdemnitdla  mucronata  is  so  common  that  it  mav 
almost  always  be  found  in  a  good  exposure  of  this  chalk,  Bel. 
lanceolata  is  also  common  in  Dorset  and  in  the  Isle  of  Wight. 
Mdgas  pumilus  and  Rhynckondla  lirnbata  are  of  frequent 
occurrence,  and  Dr.  Blackmore  informs  me  that  in  the  Hampshire 
Basin  Crania  egnabergensis,  var,  costata,  is  specially  characteristic 
of  this  zone.  Cardiaster  ananchytis  is  not  rare;  spines  of 
Gidaris  serrata  and  G.  subvesiculosa  are  sometimes  common,  and 
a  thin-shelled  Micraster,  considered  bv  Professor  Barrois  to  be 
M,  Brongniarti  occurs  in  Dorset,  but  is  rare. 

Zone  of  Ostrea  lunata. 

This  zone  is  now  proposed  for  the  first  time  in  oixler  to  separate 
the  chalk,  exposed  on  the  coast  of  Norfolk,  near  Trimingham 
and  Mundesley,  from  the  rest  of  the  English  Chalk.  Not  only 
are  these  beds  the  highest  and  newest  chalk  in  England,  but 
thev  contain  a  fauna  which  diflfers  from  that  of  the  Norwich 
chalk,  and  includes  some  species  which  are  common  in  the  chalk 
of  Rtlgen  and  Maestricht.  The  flints  which  they  contain  also 
differ  from  those  of  the  Norwich  chalk,  being  for  the  most  part 
small,  and  having  a  rough  outer  surface ;  many  are  hollow,  and 
are  filled  with  a  greyish  chalk,  which  is  rich  m  sponge  spicules, 
foraminifera,  and  other  small  fossils. 

Ostrea  lunata  abounds  in  this  chalk,  and  other  characteristic 
fossils  are  Peden  serrat  ,  Cralerites  aibbreviatus  (=G.  Roemeri), 
TrochosmUia  corniLCopicB,  Thecidium  veriniculare,  Terebratuliiui 
Gisei,  and  the  large  typical  form  of  Terebratidina  gracilis, 
which  is  not  found  elsewhere  in  England.  There  are  also  a 
number  of  Bryozoa,  many  of  which  do  not  occur  elsewhere 
ill  England. 

Unconformity  op  the  Eocene. 

The  top  of  the  Upper  Chalk  is  not  to  be  found  anywhere  in 
England,  and  a  study  of  the  Upper  Chalk  zones  has  proved  that 
tlie  Eocene  is  completely  unconformable  to  the  Chalk,  resting 
in  some  districts  on  the  zone  of  Bdemnitdla  mucronatay  some- 
times   on   that   of   Act.   quadratua,  sometimes    on    the   zone 
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of  MarsupUes  or  Margate  Chalk ;  and  in  places  on  the  zone  of 
Micraster  coranguinum,  as  in  Surrey,  Berkshire  and  Oxfordshire. 

There  are  only  two  areas  where  an5rthing  like  a  complete 
succession  of  the  Senonian  zones  is  to  be  found,  and  these  are 
the  Hampshire  Basin  and  Norfolk,  but  all  the  zones  except  that 
of  Bdemnitdla  mticronata  seem  also  to  be  represented  in  the 
Upper  Chalk  of  Yorkshire.  The  London  Basin  was  an  area 
of  upheaval  and  erosion  before  the  deposition  of  the  Eocene,  so 
that  200  or  300  feet  of  chalk  appear  to  have  been  removed 
from  it  in  the  interval  between  the  formation  of  the  highest 
English  Chalk  and  the  lowest  English  Eocene. 

Under  these  circumstances  we  cannot  treat  the  Upper  Chalk 
zones  quite  in  the  same  way  as  those  of  the  Lower  and  Middle 
Chalk.  It  will  be  more  convenient  to  describe  the  development 
of  the  zones  in  the  three  areas  mentioned  above  separately. 

In  the  Hampshire  Basin  we  shall  describe  the  Upper  Chalk 
of  Sussex,  South  Hampshire,  South  Wilts,  Isle  of  Wight,  Dorset, 
and  Devon.    Then  that  of  the  counties  which  border  the  London 
Basin  will  be  described,  and  finally  that  of  Lincolnshire  and  York 
shire,  so  far  as  those  counties  have  been  examined. 
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CHAPTER   II. 

FOSSILS  OF  THE  UPPER  CHALK. 

Tliij  fauna  of  the  beds  which  are  in  this  memoir  groui)ed  as 
Upper  Chalk  is  a  very  large  one.  It  has  been  pointed  out  indeed 
in  a  previous  volume  that  if  a  classification  of  the  Chalk  into  three 
stages  were  based  entirely  on  palaeontological  grounds  the  line 
between  the  Middle  and  Upper  Chalk  would  not  be  drawn  at 
the  base  of  the  zone  of  Holaster  planus,  but  at  some  horizon  above 
it.  Thus,  there  are  so  many  species  which  become  rare  or  die  out 
in  the  lower  part  of  the  M,  coranffuinum  zone  that  the  fauna  of 
the  lowest  part  of  this  "  Upper  Chalk  "  stands  by  itself,  and  in 
noticing  the  principal  fossils  of  the  division  as  a  w^hole  it  will  be 
convenient  to  mention  first  those  which  are  found  in  the  lower 
beds,  and  then  those  which  occur  chiefly  or  solely  in  the  higher 
beds.  By  the  phrase  higher  beds  must  be  understood  the  upper 
part  of  the  ilf .  coran^uinum  zone  and  all  that  lies  above  it.* 

Heptilia.— In  the  lower  beds  some  of  the  Lower  Chalk  Reptiles 
still  survive,  such  as  Cimoliosaurus  Bernardi  and  Polyptychodon 
interruptus.  In  the  higher  beds  Mosasauroid  Reptiles  make 
their  appearance,  the  most  important  being  Leiodon  anceps  and 
Mosaaaurus  Camperi. 

Pisces.— A  great  many  of  the  fish  found  in  the  Lower  and 
Middle  Chalk  range  up  into  the  Upper  Chalk,  even  into  the  higher 
zones.  A  few  species,  however,  are  either  more  abundant  in 
or  restricted  to  the  Upper  Chalk  ;  these  are  Gorax  afpnis,  Corax 
pristodontus,  Ptychodus  Oioeni,  Synechodvs  dubrisi^msisy  and  Belo- 
nostomus  cinctvs. 

Cephalopoda.— Of  these,  the  following  species  occur  in  the 
lower  beds,  and  are  specially  characteristic  of  the  Chalk  Rock  :— 

Ammonites  [Prionocyclus]  Neptuni,  Geinitz. 

„        'Pachydiscus]  peramplus,    ManU    (Fig.  1.) 
Baculites  bohemicus,  Frilsch 
Heteroceras  reussianum,  d*Orb,    (Fig.  2.) 
Ptychoceras  Smithi,  Woods 
Scapliites  Geinitzi,  d'Orb, 

Besides  these,  NautUvs  svblccvigatus,  d'Orb.  ^V.  feuriausiaixus, 
d'Orb.  and  Grioceras  dlipticum,  Mant.  range  up  from  the  Ix)wer 
Chalk. 

*  This  distinction  coincides  with  the  distribution  of  the  Micrasters 
into  a  low  zonal  and  a  high  zonal  series,  according  to  Dr.  Eowe.  See 
Quart.  Journ.  Geol.  Soc,  Vol.  Iv.,  p.  512. 
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Upper  Chalk  Fobsils  (Lowbk  Zonks). 

Tia.  1.— Ammonites  [Pachydiecus]  peramplus,  Mant.  (nat.  size,  middle-aged 
specimen),    a,  aide  view  ;  6,  front  view. 
,     2. — HetcrocBras  reussianum,  (SOrb.  (nat.  size). 
„    3, — Solariella  gemmata,  Sow.  (Turbo  gemmatua)  (nat.  size). 
„    4.— Micraster  corteatudinariuin,  Gdldf.  (nat.  size),    a,  apical  view 
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In  tho  higher  beds  the  following  species  are  found  :- 
Ammonites  [Haploceras]  leptophyllus,  Sharps 
„  „  icenicus,  Sharpe 

„  [Lytoceras]  Jukesi,  Sharpe 

Baculites  Faujasi,  Sow. 

Actinocamax  granulatus,  Blainv,  (  =  Merccyi,  Maysr) 

quadratus,  Defr.    (Fig.  17.) 
Toucasi,  Janet  (very  rare), 
verus.  Miller 
Beleranitclla  lanceolata,  ScJiloth, 

„  raucronata,  Schloih,  (Fig.  18.) 

Oasteropoda.-- Shells  of  this  class  are  very  rare  in  tho  higher 
l)ods,  but  are  rather  common  in  the  Chalk  Rock,  of  Avhich  tlie 
following  species  are  characteristic  :— 

Avcllana  of.  Humboldt!,  Mullet 

Cerithium  Saundersi,  Woods 

N^atica  vulgaris,  Jteuss 

Solariella  gcmmata,  Soto,  [Turbo]  (Fig.  3.) 

Trochus  Schliileri,  Woods 

Turbo  Geinitzi,  Woods 

Dentalium  turoniense.  Woods 
Besides  these  Aporrliais  Mantelli,Ga,rd,  and  Emarginula  Sanefcc- 
Catharin(Vy  Passy,  range  up  from  Lower  Chalk,  and  Plcurotomaria 
pcrspectivay  Mant.  ranges  into  the  highest  beds. 

Lamellibranchiata  are  abundant  in  the  Upper  Chalk,  and 
the  following  species  range  through  both  lower  and  higher  beds  :— 

Ostrea  canaliculata,  Sow. 

„     semiplana,  Sow. 

„     vesicularis,  Lam. 
Lima   Hoperi,  Sow.    (Fig.  28.) 

,9     granosa,  Sow. 
Spondylus  dutcmpleanua,  d'Orb. 
,9         latus,  Soiv, 
„  spinosus,  Sow. 

Septifer  line&tus,  Sow,  (=Modiola  CottaB,  Roemer) 
Pecten  cretosua,  Defr.  (—P.  nitidus,  Mant.)    (Fig.  25.) 

In  the  Chalk  Eock  beds  there  are  a  few  species  which  do  not 
seem  to  range  higher,  such  as  Cardita  canodlata.  Woods,  Cyprina 
(jvadrata,  d'Orb.,  TraTpessiwn  trapezoidalia,  Boem.,  Martesia 
rotvmday  Sow.,  and  Cuspidaria  caudata,  Nilss. 

Of  species  which  occur  solely  or  most  commonly  in  the  higher 
beds  the  following  may  be  mentioned  :-* 

Inoceramus  digitatus,  Sow, 

„  involutus,  Sow.    (Fig.  24.) 

n  latus,  Mant  (noQ  d  Orb,) 

Lima  Iseviuscula,  Sow. 

„    granosa,  GddJ. 
Ostrea  acutirostris,  Nilss. 

„      lunata,  Nilss.    (Fig.  S7.) 

„      wegmanniana,  dVrlh 
Pecten  mantellianua,  d'OH>$    (Fig«  26.) 

„       Nilflsoni,  Ooldf. 
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Uppbb  Ubalk  KoesiLB  (Lowkb  Zones). 

I.  6.— Holaster  planus,  Mant.  (nat.  size),    a,  apical  view ;  b,  side  view. 
6.— Micraster  Leskei,  Dttm.  (nat,  size),    o,  basal ;  6,  apical  view. 
7. — BLynchonella  reedenBis,  Eth.  (nat.  uze),  a,  front  view  ;  h,  dorsal 

view, 
8.— Yentricolites  manunillaris,  T.  Smith  (nat  size). 
9.— Camerospongia  camponulata,  T.  Smith  (nat.  size). 
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IruHsero/m/us  involutvs,  Sow.y  occurs  in  the  middle  part  of  the 
division  (zones  of  M.  cartestudim^irivm,  M,  coranguin/um,  and 
MarsupUes). 

Braohiopoda. — Most  of  the  species  of  this  group  which  occur 
in  the  Upper  Chalk  range  throughout  or  nearly  so,  such  are  Tere- 
bra4^ula  carneay  Sow.  (Fig.  IG),  Ter,  semiglcbosa,  Sow.,  Crania 
parisiensis,  Defr.,  Kingena  lima,  Defr.,  Rhynchondla  plioatilis, 
Sow.  (Fig.  22),  R.  reedemiSy  Eth.  (Fig.  7),  and  Terdyratvlina 
8triai4i,  Wahl.  None  are  confined  to  the  lowest  beds,  but  the 
following  are  characteristic  of  the  higher  zones  :— 

Crania  egnabergensLs,  Betz.,  var.  costata,  Sow. 
Magas  pumihis,  Saw, 

Rhynchonella  limbata,  Schluter,    (Fig.  23.) 
Terebratulina  gracilis,  Sddoth.  (type  form  Fig.  19.) 

„  Rowei,  Kitckin, 

„         Qisei,  Hag.    (Fig.  20.) 
Thecidium  vermiculare  SMoth, 
Trigonosemus  elegans,  Konig, 

Bryozoa  are  very  abundant  in  some  parts  of  the  Upper  Chalk, 
especially  in  the  zone  of  M,  cartestudmarium,  in  the  lower  part 
of  the  M.  coraTiguinum  zone  and  in  the  zone  of  0.  Itmata,  Mr. 
Gamble,  of  (]!hatham,  has  obtained  a  large  number  from  the 
(yhatham  quarries  and  they  are  equally  abimdant  at  many  other 
localities.  Many  of  the  adherent  forms  range  throughout  the 
Upper  (Thalk,  but  some  appear  to  prevail  at  certain  horizons,  and 
when  they  have  been  more  fully  studied  they  may  prove  to  have 
zonal  limitations.  The  following  are  some  of  the  commoner 
species  :— 


Stomatopora  gracilis,  Edw. 
„         Dixoni,  Vine 
Diastopora  papilloea,  ReuM, 
Proboscina  ramosa,  Mick. 
Entalophora  proboscidea,  Edw. 
Oeriopora  polymorpha,  Gddf. 
Pustulipora  pustulosa,  Gcldf. 
Petalopora  pulchella,  Roemer. 


Homceosolen  ramulcsuB,  Mani. 
Lunulites  cretaoeus,  Defr, 
Eschara  Acis  dVrb. 

,,      Danae,  d^Orb. 
Beticulipora  obliqua  (TOrb. 
Desmepora  semicylindrica,  Roemer 
Vincularia  disparilis  d^Orb. 
„         santonensis,  d^Orb. 


Crustacea. — ^Members  of  the  order  Cirripedia  are  fairly 
common  in  the  Upper  Chalk,  belonging  to  the  genera  Pollicipes 
and  Scalpellum.  Of  Decapoda  Enoplodytia  Lea^i,  Mant.  and  E. 
aussexensis,  Mant.  are  found  occasionally. 


are  very  abimdant,  and  a  number  of  small  species 
occur  on  the  tests  of  the  larger  Echinoderms,  and  on  the  shells 
of  Oysters  and  Inocerami.  Among  the  most  frequent  species 
are  :— 


Serpula  ampuUacea,  Sow. 
carinata,  Woodw. 
fluctuata,  Sow. 
granulata,  Sow. 
macropufl,  Sow. 


Serpula  iUum,  Sow. 

plana,  Woodw. 
plexuB,  Sow. 
vortex  Woodw, 
turbinella,  Sow. 
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Upper  Chalk  Fossils  (Hioher  Zones). 

Fio.  10.— Micraster  corangmniim,  Le»ke  (nat  aize).    a,  apical  view  ;  b,  side 
view. 
„     U.— Offaster  pUtuIa,  Lam.  (twice  nat.  size),    a,  apical  view ;  b,  baaal 

view  ;  e,  anterior  end. 
.,     12.— Cyphoeoma  Koenigi,  Mimt.  (nat  Bise).    Lower  (oral)  surface. 


20  THE  CRETACEOUS  ROCKS  OF   BRITAIN. 

Echinodermata. —  Echinoderms  form  a  conspicuous  feature 
in  the  fauna  of  the  Upper  Chalk.  A  certain  number  are  con- 
fined to,  or  commoner  in,  the  lower  beds.    These  are  :— 

Qrphosoma  radiatum,  Sorig. 

Holaster  planus,  Mant    (Fig.  5.) 
„        placenta,  Ag. 

Micraster  Leskei,  Demn.  (=M.  breviponis,  Ag.)  (Fig.  6.) 
„         prsecursor,  Rowe 
„        cortestudinariumCroU/.(Fig.  4.] 

Among  the  Echinoidea  which  either  range  throughout  the 
Upper  Cihalk  or  are  commoner  in  the  upper  zones,  the  following 
may  be  mentioned :— 


Echinocorysscutatus,  Ltshe,  (Fig.l3.) 

Cidarls  clavigera,  Konig 
„      perornata,  Forbes 
„      sceptrifera,  Mant 
„      subvesiculosa,  (TOrb, 

CyphoBoma  corollare,  Klein 

„         KcBnigi,  Mant.  (Fig.  12.) 

(3aleritesalbogaleni8,  Leske,  (Fig.  14.) 


Micraster  coranguinum,  Leske. 

(Fig.  10.) 
Cardiaster  ananchytis,  Leske 
Infulaster  excentricus,  Rose 
Hagenovia  rostrata,  Forbes 
Offaster  pillula,  Lam.  (Fig.  11.) 
Epiaster  gibbus,  Lam. 
Salenia  geometrica,  Ag. 


The  Orinoidea  are  represented  by  Bourgveticrinus  ellipticus, 
Miller,  which  has  a  long  range,  perhaps  from  base  to  summit, 
MarsupUea  testudinarvas,  and  Uintacrinua  westfalicus,  which 
have  a  very  restricted  range.  The  plates  of  UiniacriTi/us  differ 
from  those  of  Marsupites  in  being  irregularly  polygonal  and  in 
having  strong  ridges  on  the  inner  surface. 

Asteroidea,  or  Starfish,  are  also  abundant,  the  detached  ossicles 
being  very  common,  but  more  or  less  perfect  specimens  are  not  im- 
frequently  found.  The  species  seem  to  have  a  wide  range,  and  those 
best  known  are  the  following  :— 


Metopaster  Mantelli,  Forbes 
„         Parkinson!,  Forbes 
„         zonatus,  Sladen 
„         uncatus,  Forbes 

Oreaster  bulbifenis,  Forbes 


Oreaster  pistilliferus,  Forl*es. 
Mitraster  Hunteri,  Forbes 
„         rugatus,  Forbes 
Pentagonaster  megaloplax,  Sladen 
Pyenaster  angustatus,  Forbes 


Actiliozoa. —  The  corals  which  occur  in  the  Upper  Chalk 
are  mostly  small,  the  largest  being  Caryophyllia  qflindracea, 
which  sometimes  grows  to  a  length  of  3  or  3^  inches.  Besides 
the  cup  corals,  of  which  the  commonest  are  Caryophyllia  and 
Parasmilia  centralis,  there  are  several  adherent  corals  belonging 
tx)  the  genera  Axogaster,  Diblasus,  and  EpipJiaxum. 

Most  of  the  species  range  through  the  division,  but  the  genus 
CcelosmUia  (with  five  or  six  species)  has  only  been  found  for 
certain  in  the  highest  zones  (those  of  Actinocamax  quadratvs, 
Bdemnitella  nMicronata  and  Oatrea  lunata). 

Spong[ida. — The  remains  of  siliceous  sponges  are  very  com- 
mon fossils  in  the  Upper  Chalk.  A  few  seem  to  occur  cmefly  in 
the  lower  beds  and  some  in  the  highest  beds  (zones  of  A. 
quadra tiut,  Bel.  mucronata,  and   Oatrea  lunata),  but  a  great 
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Upper  Chalk  Fossils  (Hioheb  Zones). 

ze).      a,  posterior  view ; 
I,  Letke  (itat.  size),    a,  side  view ;  b,  basal 

15. — Matsupitea  testudinarius,  Schloth.  (oat  size). 

16.— Terebratula  carnea,  Sow.  (nat.  size).    From  Norwich. 
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many  ran^o  from  the  Hcl,  planum  to  the  Bd,  mucronata  zone. 
The  following  occur  specially  in  the  lower  beds : — 

Camerospongia  campanulata,  T.  Smitl^ 

„  subrotunda,  Mant 

Gephalites  Benettise,  ManU 

„         perforatus,  T,  Smith. 
Guettardia  stellata,  Mich, 

Ventriculites  are  also  common  in  these  lower,  but  most  of  the 
species  range  upwards  into  the  higher  zones.  Among  them  may 
be  mentioned,  V,  aZcyonoides,  Mant.,  V,  cribrosus,  Phil.,  Y.  decur- 
reus,  T.  Smith,  V.  impressus,  T.  Smith,  Y.  7nammUlaris,T.  Smith 
(Fig.  8). 

Other  sponges  which  range  through  several  zones  are  Doryderma 
raToosfwm,,  Mant.,  Plinthoadla  sqtuimosa,  Zitt.,  Plocoscyphia  con- 
valuta,  and  Heterostinia  dbliqua,  Benett. 

Of  species  which  are  characteristic  of  the  higher  beds  the 
following  may  be  mentioned  :— 


Goeloptychium  agaricoides,  Gol<if, 
.^Jereica  clava,  Lee, 
Pachastrella  convoluta,  Uinde. 
Plinthosella  compacta,  Hinde, 
Porochonia  simplex,  Smitfi- 


Siphonia  Koenigi,  ifant 
Seliscothon  planus  P^t7. 
Stichophvma  tumidum,  Hinde. 
Verruculina  plicata,  Hinde, 
„  Beussi,  M^Coy. 


A  calcareous  sponge,  Pharetrospongia  Strahami^  Sollas,  also 
occurs  not  unfrequently,  but  it  is  not  confined  to  the  Upper  Chalk. 

The  small  organic  bodies  known  as  Porosphcsra  have  been 
regarded  as  Hydrozoa,  but  Dr.  Hinde  has  shown  that  they  be- 
long to  the  Sponges.  The  spherical  Porosphcera  globtUcms  is 
one  of  the  commonest  fossils  of  the  Upper  Chalk,  and  is  to  be 
found  in  every  part  of  it.  It  varies  in  size  from  that  of  a  pea 
to  that  of  a  walnut.  Two  other  species  (P.  v/rceolata  and  P. 
Woodwardi)  of  a  very  difierent  shape  also  occur. 

The  Species  of  Micbasteb. 

It  has  long  been  known  that  species  of  the  genus  Miorasier  are 
abundant  in  the  lower  part  of  the  Upper  Chsak,  and  it  has  been 
found  that  they  present  a  succession  of  species  and  varieties 
which  are' of  great  use  in  determining  the  liinits  of  the  zones  and 
the  horizon  of  isolated  inland  exposures.  Consequently  it  has 
become  necessary  for  all  students  of  the  Upper  Cnalk  to  make 
themselves  acquainted  with  the  characters  oithe  principal  forms, 
and  hence  it  seems  desirable  to  give  brief  diagnoses  of  these 
before  entering  on  the  stratigraphical  details,  in  which  they  will 
be  so  frequently  mentioned.  I  have,  therefore,  prepared  such 
condensed  diagnoses  from  the  detailed  descriptions  published  by 
Dr.  A.  W.  Rowe,  in  his  "  Analysis  of  the  Genus  Micraster,"* 

Micraster  corbovis,  Forbes, — This  species  varies  greatly 
in  size,  the  length  varying  from  a  small  form  of  31mm.,  to  a 
large  one  of  81mm.    Ine  test  is  very  thin,  contrasting  in  this 

♦  Quart  Joum.  GeoL  Soc,  Iv.,  p.  494  (1899). 
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Uppm  Chalk  Fosbilh  (Hiohsr  Zohss). 

— Actinocamaz  qoadratus,    Blainv.    (two-thirds    of    oat.    Bize). 

a,  ventral  view ;  b,  section  to  show  alveolar  cavity, 
— Belemnit«lh  mucrooata,  Sote.  (two-thirds  of  nat  sizeX  side  view. 

—Terebratulina  gracilis,  SeMoth.  (twice  oat.  size).    a,doraalTiew; 

nat.  size),    a,  dorsal  view ; 

— -Tliecidiiim  vermicolare,  ScMoth.,  upper  and  lower  valves  (twice 

nat.  size). 
— Bbynchcmella  plicatilia,var.  octoplicata,  Sour,  (nat  size),  dorsal  view. 
— Rhynclionella  limbata,  Sehloth.  (cat  size),  dorsal  and  front  views. 
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respect  with  all  other  Micrasters.  In  shape  it  is  generally  an 
elongate  oval,  and  its  upper  surface  isgenerally  depressed  so  that 
its  height  is  relatively  small,  that  of  large  specimens  varying 
only  jBrom  44  to  49mm. 

The  paired  ambulacra  are  deeply  impressed  with  a  smooth 
interporiferous  area,  and  the  pores  are  elongate,  those  of  the 
outer  row  being  tear-shaped.  The  subanal  fiasciole  is  feebly 
marked. 

On  the  imder  surface  the  mouth  is  set  far  in  from  the  anterior 
margin,  the  peristome  is  a  smooth  flat  ring,  and  the  labrum 
feebty  developed.  The  labral  plate  is  broad  where  it  joins  the 
plastron  and  tapers  to  the  labrum,  bearing  only  one  or  two 
tubercles  near  the  tip.  The  periplastronal  area  is  a  broad  band 
which  is  either  smooth  or  very  faintly  granular,  again  contrasting 
with  the  strongly  granular  area  of  other  Micrasters. 

Micraster  corbovis  occurs  in  the  Terebratulina  beds  of  the 
Middle  Chalk,  but  is  commoner  in  the  Holaster  planus  zone, 
and  has  not  been  found  at  any  higher  horizon. 

Micraster  Leskei,  Desm. — This  species  has  been  widely 
known  on  the  Continent  as  M.  hreviporus,  Ag.  {see  Fig.  6).  In 
size  it  is  rather  small,  averaging  about  34mm.  in  len^h,  but  the 
test  is  thick.  The  paired  ambulacra  are  deep,  with  smooth 
interporiferal  areas  {see  Fig.  29a),  and  the  pores  are  elongate. 
The  upper  surface  is  depressed  and  the  subanal  fasciole  is  dis- 
tinct, out  narrow. 

Beneath,  the  mouth  is  distant  from  the  border,  and  its  labrum 
is  smooth  as  in  M.  corbovis.  The  labral  plate  is  also  of  similar 
shape  (see  Fig.  30a),  and  seldom  bears  more  than  six  primary 
tubercles,  sometimes  only  two  or  three.  The  periplastronal  area 
is  always  finely  granulated. 

M,  Leskei  is  specially  characteristic  of  the  zone  of  Holaster 
planus,  and  is  not  found  above  that  zone,  though  it  ranges 
downward  into  the  Middle  Chalk.  There  is,  moreover,  a  passage- 
form  between  M.  Leskei  and  M.  prcecursor  which  appears  to  oe 
restricted  to  the  zone  of  H.  planus ;  this  differs  in  several  points, 
having  sutured  interporiferal  areas  and  more  tubercles  on  the 
labral  plate.  A  passage-form  between  M,  Leskei  and  M.  corbovis 
also  exists. 

Micraster  praBCursor,  Rov)e. — ^Dr.  Rowe  calls  this  form  a 
group  rather  than  a  species,  but  he  admits  that  "  if  it  be  right 
to  preserve  M.  coranguinum  as  a  species,  it  is  equally  right  to 
use  M.  prcecursor  in  the  same  sense."  It  is  in  tax^t  a  plastic 
species  and  varies  in  its  details  according  to  the  zone  in  which  it 
occurs. 

This  iorm  is  variable  in  size,  but  its  average  length  is  about 
50mm.  and  its  breadth  is  generally  about  3mm.  less  than  the 
length.  It  has  the  common  low  zonal  characters  of  a  depressed 
upper  surface,  and  deeply  impressed  ambulacra,  but  the  inter- 

Eoriferal  area  is  never  smooth ;  those  in  the  zone  of  H.  planus 
ave  the  plates  of  this  area  merely  "  sutured,"  but  those  from 
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Upper  Chalk  FotwiLs  (Highkr  Zones). 
Fio.  S4.— Inocaromus  involutus.  Sow.  (nat  size). 
„     26, — recten  (Chlamya)  cretosus,  De/r.  (naL  size). 
„     26. — Pecten(Ch]amyH)mftDtellianuB,cfOr6.  {«P.  conceti 

iwxrrf),  (nat  aire). 
„     87. — Ostrea  lunata,  Lam.  (n&t.  size). 
„     88.— Lima  Hoperi,  Soie.  (nat.  size). 
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higher  zones  have  them  stronglv  iniiatied,  and  more  or  less 
divided  from  one  another  along  the  median  line  (see  Fig.  29b). 
The  subanal  lasciole  \a  well  marked. 

On  the  lower  surfEice  the  mouth  still  remains  distant  from  the 
border;  but  the  labrum  shows  a  gradual  change;  for  only  its 
central  part  or  "  tip  "  is  ever  smooth ;  in  the  zono  of  Hoi.  planus 
this  is  always  smooth,  in  that  of  M.  cortestitdinariv/m,  alx)ut  80 
per  cent  have  a  smooth  tip,  but  in  the  zone  of  M.  corangv,inum 
it  is  wholly  granular.  The  labral  plate  is  subtriangular  in  the  two 
lower  zones,  becoming  narrower  in  the  zone  of  M.  coraTtgvmv/m, 
bearing  on  an  average  from  10  to  12  tubercles  (see  xig.  306). 
The  periplastronal  area  also  shows  a  progressive  degree  of 
granulation  in  passing  upward  from  the  H.  pui/nus  zona 

Tins  species  commences  in  the  zone  of  H.pUimta,  and  ranges 
into  that  of  M.  corariguinum,  dying  out  within  the  lower  third 
of  that  zone  (at  any  rate  in  the  South  of  England). 


V^ 


Fio.  fift    After  Kowe.— Magnified  views  of  a  portion  of  the  ambolacral 
areaof^ 

a.  Micraster  Leakei,  with  Bmooth  area  ; 

b.  „        piKcoTBOr,  with  inflated  area  ; 

c.  „        corangainnin,  with  divided  area. 


Fio.  30.  After  Rowe. — Viewaof  thelabrolpl&teandpart  of  theplastron 
of  a.  Micraster  Leskei ;  b.  M.  prscorsor ;  e.  M.  corangmnum. 

HioiaBter  oortestndiuarinm,  Ooldf. — This  form  is  not 
sufficiently  distinct  to  be  r^arded  as  a  species  comparable  with 
the  others.  It  has  aU  the  cmxacters  of  At.  pnecursoT,  except  that 
its  breadth  is  as  great  as  ita  length.  It  has  no  other  special 
features  and  is,  in  &ct,  merely  a  broad  variety  of  M.  prceev/raor 
or  of  the  M.  prcecurgor  group;  having  the  same  range,  and 
exhibiting  just  the  same  variations  according  to  the  horizon  at 
which  it  occurs  as  the  members  of  that  group  do.  In  the  zone 
of  if.  corav^vAmwtn  it  gradually  loses  its  low  zonal  characters 
and  passes  mto  the  broad  variety  of  M.  cora-ngvAnwrn. 
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MioraBter  ooraQguinum,  Leske. — This  species  varies  much 
in  size  and  shape,  but  differs  from  if.  prcecuraor  in  the  following 
point&  The  posterior  part  of  the  test  is  always  high,  and  its 
upper  sur£Ekce  is  raised  into  a  median  ridge  or  carina  (see  Fig.  10&). 
Tne  paired  ambulacra  are  shallow,  while  the  anteal  sulcus  is 

CBrally  deep.  The  interporiferous  area  is  traversed  by  a 
ow  which  divides  one  half  from  the  other  half,  and  the 
whole  surface  of  the  umbulacrum  is  strongly  granulated  (see 
Fig.  29c). 

The  subanal  fasciole  is  broad  and  clear.  The  mouth  is 
situate  near  the  border ;  its  labrum  is  always  strongly  granulated 
and  the  labral  plate  is  narrow,  expanding  more  or  less  at  each 
end,  and  is  generally  covered  with  tutorcles  (Fig.  30c).  The 
periplastronaf  area  is  covered  with  large  prominent  CTanules  so 
as  to  present  a  very  rough  and  almost  tubercular  sunace. 

if.  coranguinum  is  often  abimdant  in  the  zone  to  which  it 
gives  its  name,  and  also  in  the  zone  Maratipitea,  but  becomes 
rarer  in  the  higher  zones.  The  broad  variety  latior  bears  the 
same  relation  to  it  as  if  cortestudinarium  does  to  if.  prcectiraor. 
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CHAPTER  m. 

THE   UPPER    CHALK    IN    SUSSEX. 

1.— The  Cliffs  from  Beachy  Head  to  Brighton. 

General  Description. 

The  earliest  description  of  the  Upper  Chalk  in  these  cliffs  is 
that  by  Dr.  Mantell  in  his  Geology  of  Sussex  (1822),  but  is  only  a 
genercd  account  of  the  "  Chalk  with  flints  "  ;  as,  however,  there  are 
very  few  flints  in  Sussex  below  the  zone  of  Holaster  planus,  his 
Upper  Chalk  is  practically  coextensive  with  that  which  is  so  re- 
garded m  this  memoir.. 

A  more  carelful  description  of  the  part  between  Seaford  and 
Beachy  Head,  with  a  horizontal  section,  was  given  by  Mr.  Whitaker 
in  1871.  ♦  In  this  he  indicates  the  flexure  at  Seaford,  and  correlates 
the  Chalk  of  the  Sussex  coast  with  that  of  the  Kentish  coast  as 
described  by  Mr.  W.  Phillips.  His  "  Chalk  with  flints  and  nodular 
layers  "  includes  the  parts  now  known  as  the  zones  of  Holaster 
planus  and  Micraster  cortestudinarium,t]ie  rest  of  the  Upper  Chalk 
being  called  simply  "  chalk  with  flints."  He  was  imcertain  whether 
the  Margate  Chalk  was  represented  in  Sussex. 

In  1876  Prof.  Ch.  Barrois  published  a  detailed  account  of  the 
chalk  which  forms  the  Sussex  clifi's,t  recognising  in  them  the  zones 
with  which  he  was  familiar  in  France.  His  description  was  illus- 
trated by  a  section  on  the  scale  of  about  two  inches  to  a  mile. 

Professor  Barrois'  work  was  a  great  advance  on  an3rthing  that 
had  been  written  about  the  Chalk  of  England  prior  to  its  date  of 
pubUcation  (1876),  and  his  description  of  the  beds  seen  in  the  coast 
section  is  very  good  and  accurate,  but  the  correct  allocation  of  the 
beds  to  their  several  zones  cannot  always  be  accomplished  on  the 
basis  of  a  day's  collecting  of  the  fossils.  It  will  be  seen  in  the  sequel 
that  I  found  reason  to  suspect  that  Professor  Barrois  had  assigned 
too  great  a  thickness  to  the  Marsupites  zone,  and  too  Uttle  to  that 
of  M,  coranguimm.  This  view  has  been  confirmed  by  the  more 
prolonged  researches  of  Dr.  A.  W.  Bowe  and  Mr.  C.  D.  Sherbom 
in  1898  and  1899. 

Since  this  chapter  was  first  written  these  researches  have  been 
published.  I     I  have  availed  myself  of  Dr.  Rowe's  observations 

*  On  the  Chalk  of  the  Cliffs  from  Seaford  to  Eastbourne,  Geol.  Mag.  Vol. 
viii.  p.  198. 

t  Recherches  sur  le  Terr.  Cr^t.  Sup.,  pp.  14-27. 

X  See  Proc.  Geol.  Assoc.,  Vol.  xvL,  p.  289  (1900),  "The"  Zones  of  the 
White  Chalk  of  the  English  Coast,"  by  Dr  A.  W.  Howe,  withsections  by 
C.  D.  Sherborn. 
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and  have  re-written  the  larger  portion  of  the  chapter.  Mr.  W.  Hill 
examined  the  chalk  of  Beachy  Head  in  1896  and  1897,  and  the  de- 
scription of  the  lower  zones  there  seen  is  from  his  notes.  The 
section  (Fig.  31)  is  reduced  from  that  given  by  Messrs.  Bowe  and 
Sherborne. 

The  thicknesses  of  the  several  zones  now  recognised  in  this  coast 
section  are  stated  by  Dr.  Rowe  as  follows  :— 

Feet. 
Zone  of  Actinocamax  quadratus  ....  about  170 
Zone  of  Marsupites  testudtnarius  -  .,  78 
Zone  of  Micrcuter  coranguinum  -  .,  242 
Zone  of  Micraster  cartestudinarium  --•-.,  109 
Zone  of  Holaster  planus „        48 

647 

Stbatioraphical  Details. 

Zone  of  Holaster  planus. 

The  zone  of  Hoi.  planvs  forms  part  of  Beachy  Head,  the 
beds  dipping  westward,  and  it  comes  down  to  the  shore- 
line at  a  point  about  a  quarter  of  a  mile  west  of  the  west 
corner  of  the  place  called  Gmn  Gardens  on  the  six-inch  Ordnance 
map. 

Although  there  is  no  hard  and  fast  line  of  demarcation  between 
the  chalk  of  this  zone  and  that  of  the  underlying  TerdyratvliTui 
zone,  yet  there  is  no  difficulty  in  recognising  the  junction  of 
the  two  zones ;  for  with  the  exception  of  a  few  scattered  flint 
nodules  at  the  top  of  the  lower  zone,  there  are  practically  no  flints 
until  the  zone  of  HoLaster  plasms  is  reached. 

The  character  of  the  chalk  changes  at  the  same  time  from  a 
homogeneous  blooky  white  chalk  to  chalk  containing  frequent 
courses  of  hard  yellowish-grey  lumps.  The  following  description 
is  {torn  notes  taken  by  Mr.  W.  Hill  in  1897. 

The  zone  of  Holaster  plaavus  consists  throughout  of  more  or 
less  nodular  chalk,  which  gives  it  a  rough  appearance  in  the  cliff. 
In  the  lower  part  there  are  frequent  courses,  about  three  feet  apart, 
of  hard  semicrystalline  lumps,  separated  from  one  another  by  soft 
mealy  chalk,  but  the  greater  part  of  these  layers  consists  of  the 
hard  chalk  ;  each  such  course  passes  down  into  less  hard,  but  still 
nodular  or  lumpy  chalk.  The  upper  surface  of  these  courses  is 
usually  well  defined,  not  only  by  the  rougher  and  more  nodular 
character  of  the  rock,  but  also  by  the  numerous  small  flint-nodules 
which  are  thickly  scattered  through  the  upper  twelve  or  eighteen 
inches  of  each  course,  and  appear  as  definite  flinty  layers  when  the 
cliff  is  viewed  from  a  little  dEe. 

There  is  no  bed  which  consists  throughout  of  hard  compact 
limestone  like  that  known  as  Chalk  Bock,  nor  could  he  find  any  bed 
that  contained  the  characteristic  fossils  of  this ''  Bock  " ;  indeed,  at 
this  place  both  Cephalopoda  and  Gasteropoda  seem  to  be  so  scarce 
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that  not  a  single  specimen  was  seen.*  A  few  fragments  of  J)rown 
phosphatic  matter  may  be  seen  here  and  there,  but  these  are  by  no 
means  common. 

In  the  upper  part  of  the  zone  the  hard  courses  are  less  well- 
developed,  and  tlie  highest  ten  or  eleven  feet  consists  of  chalk  of  a 
more  imiform  character,  i,e, — somewhat  rough  and  nodular 
throughout  and  without  any  specially  hard  or  podular  layers. 
About  eleven  feet  down  there  is,  however,  a  copspicuous  nodular 
layer,  consisting  of  the  usual  hard  yellowish  nodules  embedded  in 
softer  mealy  chalk.  The  following  is  the  descending  succession  of 
beds : — 

Feet. 

Chalk,  somewhat  nodular,  with  scattered  flints    -       -       -  11 

Course  of  hard  yellowish  nodular  chalk 1 

Whitish  chalk,  rough  and  lumpy,  with  irregular  layers  of 

scattered  flints  at  intervals  of  about  3  feet    -       -       -       -  25 
Cream-coloured  chalk  in  courses  about  3  feet  thick,  each 

having  a  hard  nodular  bed,  with  flints,  at  the  top    -       -  12 

49 

The  zone  contains  many  fossils  throughout,  and  there  is  no 
difficulty  in  finding  Holaster  ptarvas,  Echinocorys  scutatvs,  Micras- 
ter  LesJcei,  M.  prcecursor,  Cidaris  davigera,  Rhyndiondla  reedensiSy 
and  Rh,  jjlicatUis ;  in  the  topmost  eleven  feet  Micrasters  of  the 
prcecursor  and  cortesttulinarmm  types  predominate,  and  we  were 
inclined  to  regard  this  as  the  base  of  the  M.  cartestudinarium  zone, 
but  in  deference  to  the  result  of  Dr.  Bowe's  careful  collecting  we 
accept  his  limit  of  the  zone. 

Dr.  Bowe  says—  "  In  this  section  we  relied  entirely  upon  Micras- 
ter  for  fixing  an  upper  limit  to  the  zone,  mapping  out  the  chalk 
foot  by  foot,  and  taking  the  Micrasters  obtainc^l  from  each  foot  of 
chalk  to  the  water  edge,  and  there  cleaning  and  examining  them 
before  collecting  from  the  next  foot  of  chalk.  We  found  that  the 
essential  features  of  the  test  gave  us  a  limit-line  which  coincided 
with  the  cessation  of  Holaster  planus,  Micraster  corbovis,  M  Leskei, 
PefiiUicrmuSy  and  other  guide-fossils  of  this  zone>"  (Loc.  cit.  p.  326.) 
He  fixes  this  limit-plane  as  thirty  feet  below  a  marked  layer  of 
marl  which  forms  an  open  band  in  the  cliff,  and  runs  through  the 
first  cave  west  of  Gun  Gardens.  He  gives  forty-eight  feet  as  the 
total  thickness  of  the  zone,  which  agrees  closely  with  Mr.  Hill's 
measurements  above  given. 

Zone  of  Micraster  cortestudinarinnu 

The  chalk  last  mentioned  is  succeeded  by  chalk  which  still  pre- 
sents some  nodular  layers,  but  these  are  at  a  greater  distance  apart 
and  alternate  with  thicker  courses  of  soft  white  chalk  which  contain 

*  This  is  corroborated  by  Dr.  Rowe,  who  did  not  succeed  in  finding  any 
specimens  of  either  class  except  Pleurotomaria  perspectiva. 
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many  flints,  both  scattered  and  in  layers,  at  irregular  intervals. 
There  are  also  several  continuous  layers  of  flint,  which  is  an  unusual 
feature  in  this  zone. 

As  Mr.  Hill  was  not  able  to  examine  this  part  of  the  section  so 
thoroughly  as  Messrs.  Howe  and  Sherborne  have  since  done,  I 
gladly  avail  myself  of  the  measured  section  which  they  have  pub- 
lished, (loc.  cit.  p.  3 -'7),  and  adopt  their  limit  for  the  zone,  which 
is  taken  at  a  rather  lower  horizon  than  that  indicated  by 
Professor  Barrois.  The  measurements  are  as  follow  in  ascending 
order,  the  beds  still  continuing  to  come  in  along  the  cHff  base 

with  the   westerly  dip  :— 

Feet. 

From  top  of  H,  planus  zone  to  an  open  marl-band       -       -  30 

From  open  marl-band  to  first  tabular  flint-layer    -        -        -  26 

From  first  tabular  fiint  to  second  tabular  flint-layer    -       -  20 
From  second  tabular  fiint-layer  to  base  of  a  thick  layer  of 

scattered  flints 13 

From  base  of  layer  of  scattered  flints  to  third  tabular  flint- 
layer     9 

From  third  tabular  flint  to  fourth  tabular  fiint-layer     -       -  11^ 

109^ 

'*  This  last-mentioned  tabular  flintJine  will  be  called  the  M. 
cortestudinariuni'tsLhnleLr,  as  it  approximately  marks  the  zoological 
break  between  this  zone  and  the  one  above  it."  With  respect  to 
the  fossils  of  the  zone,  Dr.  Howe  writes  thus :  "Micraster  is  our  only 
reliable  guide,  and  the  essential  features  of  the  test,  which  were  so 
helpful  at  Dover,  are  equally  reUable  and  constant  here.  The 
proportion  of  the  broad  Micraster  cortestudinarium  forms  is  rather 
larger  than  at  Dover,  and  the  percentage  of  occmrence  of  the 
'  sub-divided '  ambulacral  area  is  also  larger  than  at  Dover,  and  is 
quite  characteristic  of  this  zone.    Echmocorys  vulgaris  var.  gibbus 

is  common The  spines  of  Cidaris  davigera  are,  if 

anything,  in  greater  profusion  than  in  the  zone  below,  and  while 
Cidaris  serrifera  is  still  a  characteristic  form,  it  is  not  so  abundant 

as  the  former Holaster  placenta   is  common,  and 

small  examples  of  this  fossil  have  been  mistaken  for  Holaster 

plarms.  Bryozoa  are  abundant No  Gasteropods  have 

been  found Sponges  are  poor  in  this  zone  at  Beachy 

Head,  with  the  exception  of  a  small  form  of  Pharetrospongia 
Strahani,  which  is  very  abundant  both  in  this  zone  and  in  the 
base  of  the  M,  coranguirvam  zone." 

As  Prof.  Barrois  pointed  out,  the  flints  in  this  zone  are  generally 
more  or  less  carious  or  cavernous,  the  hollows  having  doubtless 
been  originally  filled  by  sponges,  but  being  now  occupied  by  soft, 
powdery  chalk,  which  contains  sponge-spicules,  some  Bryozoa, 
and  silicified  Foraminifera.  They  often  have  a  fairly  thick  crust 
which  is  sometimes  white  and  sometimes  pinkish. 

The  beds  comprised  in  the  zone  of  M.  cortestvdmarmm,  pass 
beneath  the  chalk  which  forms  the  cliffs  of  Berling  and  Crowlink, 
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but  they  are  brought  up  again  by  the  anticline  of  Cuckmere  Haven 
(see  Fig.  31),  and,  according  to  Br.  Itowe,  the  low  cliffs  west  of  the 
haven  show  a  thickness  of  HO  feet  of  thiit-  zone.  Here,  however, 
it  is  apparently  less  nodular,  and  does  not  weather  out  into  rugged 
knobs,  aa  usual  elsewhere  ;  moreover,  "  there  is  no  M.  cortestvdin- 
orium  tabular,  as  at  Beachy  Head,  but  much  in  the  same  position 
we  find  a  thin  closed  marl-b&nd  which  approximately  marks  the 
junction  between  thid  zone  and  that  of  M.  coranguinum."  {Op. 
at.  p.  336.) 


—View' of  the  up] 
pKotoffraph  by  the  Kev. 
and  it.  coranguinum.) 
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oart  of  the  cliff  at  Beachy  Head,  from  a 
iL  Andrews.  (Zones  of  M.  eorteilwiinariun 
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Zone  of  Micraster  eoranguinnm. 

Above  the  continuous  flint  layer,  which  Dr.  Bowe  calls  the 
"  cortesttulinarium  tabular,"  there  are  two  or  throe  well-marked 
yellow  nodular  bands,  and,  according  to  Professor  Barrois,  the  chalk 
containing  these  bands  is  about  fourteen  feet  thick  (four  metres). 
Lithologically  they  are  a  continuation  of  the  M.  corteatudinariam 
chalk,  but  Dr.  Rowe  finds  that "  zoologically  they  must  be  included 
in  the  zone  of  M.  coranguinum,  as  the  fossils  are  scanty  and  belong 
to  the  higher  zone. 

Above  thes9  nodular  bods  there  is  massive  white  chalk  mth 

regular  layers  of  flints;  these,  according  to  Birrois,  occurring  at 

intervals  of  from  18  inches  to  3  feet,  most  of  them  being  soUd  and 

black  inside,  but  having  a  thick  zoned  or  banded  cortex.    The 

beds  assigned  to  the  zone  of  M.  coranguinum  by  Professor  Barrois 

are  described  by  him  as  follows,  in  descending  order  :— 

Feet. 
Indurated  yellowish  bed  containing  greenish  nodules  of  chalk      Oi 

Chalk  without  flints 6j 

Chalk  with  four  layers  of  flints 16 

Layer  of  large  flat  pale-coloured  flints. 

Chalk  with  many  flints  which  have  banded  rinds  -        about  26 

Chalk  with  layers  of  tabular  flint  and  bands  of  cavernous  flints  1 6 

Chalk  with  regular  layers  of  flints  (described  above)     -       -  48 

About  115 

He  regarded  the  yellowish  nodule  bed  as  the  top  of  the  zone, 
because  it  resembled  the  bed  at  the  base  of  the  Margate  Chalk, 
and  because  about  22  feet  below  it  there  is  a  conspicuous  bed  of 
large  flattened  lenticular  flints  resembling  the  bed  known  in  Kent 
as  the  "  3-inch  band,''  which  occurs  about  21  feet  below  the  top  of 
the  M,  coranguinwrm  zone  (see  p.  143K 

The  occurrence  of  two  similar  beds  at  similar  distance  from  one 
another  is  remarkable,  but  we  are  inclined  to  think  that  it  is  merely 
a  coincidence,  and  that  they  do  not  occur  on  the  same  horizon  as 
those  in  Kent ;  that  they  are  in  fact  a  long  way  below  the  top  of 
the  zone  of  M,  coranguinum. 

In  the  flrst  place  the  continuity  of  the  same  bed  of  flint  for  a 
distance  of  more  than  60  miles  would  be  a  very  remarkable  fact, 
though  it  is  known  that  such  beds  do  sometimes  continue  for  6  or 
7  miles. 

Secondly,  if  Prof.  Barrois'  assumption  is  correct,  the  thickness 
of  the  M,  coranguinum  zone  in  Sussex  is  very  much  less  tht^i 
in  Kent,  his  own  figures  being  115  feet,  as  compared  with  231  feet. 
Now  we  should  have  expected  that,  if  there  was  any  difference  in 
thickness,  it  would  have  been  greater  in  Sussex  than  in  Kent, 
becau33  the  Upper  Chalk  appears  to  thicken  in  a  westerly  direction, 
and  is  certainly  thicker  in  the  Isle  of  Wight  than  it  is  in  Sussex. 

Thirdly,  the  chalk  above  the  yellow  band  in  Sussex  has  not 
yielded  any  trace  of  MarsupiJt^ ;  neither  Prof.  Barrois  nor  Mr. 
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Rhodes,  who  was  specially  instructed  to  search  for  them, 
succeeded  in  finding  a  single  plate. 

Fourthly,  the  characters  of  this  chalk  are  not  like  those  of  the 
Margate  Chalk,  which  contains  very  few  flints,  while  this  contains 
frequent  layers  of  black  flints  for  nearly  100  feet  above  the  nodular 
band. 

Taking  all  these  facts  into  consideration,  we  are  inclined  to  beUeve 
that  all  the  beds  with  frequent  layers  of  flints,  which  overlie  the 
yellow  nodular  bed,  should  be  included  in  the  zone  of  Micraster 
coranguinum.  If  these  beds  are  92  feet  thick,  as  estimated  by 
Barrois,  the  total  thickness  of  the  zone  will  then  be  about  212 
feet,  which  is  not  far  from  its  thickness  in  Kent.  It  is  true  that 
there  is  no  nodule  bed  or  specially  marked  plane  of  division  at  this 
horizon,  but  we  do  not  believe  that  zones  are  always  separated  by 
physical  breaks,  and  we  imagine  that  the  expectation  of  finding 
a  banc  limite  may  easily  lead  the  observer  astray. 

The  above  was  written  before  Dr.  Bowe  commenced  his  examina- 
tion of  the  Sussex  coast  section,  and  it  is  satisfactory  to  fuid 
that  the  view  above  expressed  is  entirely  corroborated  by  his  careful 
collecting  of  the  fossils.  He  has  moreover  succeeded  in  discovering 
plates  of  both  Marsupites  and  Uintacrinus,  and  has  been  able  to 
fix  the  upper  limit  of  the  zone  of  M.  coranguinum  in  a  much  more 
satisfactory  manner— namely,  by  the  evidence  of  the  fossils  carefully 
collected  from  each  foot  of  the  chalk  near  the  critical  horizon. 
This,  however,  can  only  be  done  between  Cuckmere  and  Seaford, 
for  in  the  Birling  and  Crowlink  clifl's  the  junction  is  far  out  of  reach. 
Dr.  Howe  terms  the  beds  indicated  by  Professor  Barrois  "  the 
spurious  tabular  and  sponge  bed,"  and  remarks  that  they  are 
plainly  visible  about  half-way  up  the  cliflF  at  Birling  Gap  :— "  These 
bands  dip  to  the  west,  until  at  Crowlink  Coastguard  Station  the 
flint  line  is  level  with  the  beach ;  but  from  that  point  the  bands 
steadily  rise  again,  and  very  soon  the  sponge  bed  dies  out.  In  these 
lower  cUffs  we  have  a  better  chance  of  studying  the  beds  in 
the  upper  part  of  the  cliff,  and  we  notice  that  ....  the  flint 
lines  space  out  [are  wider  apart]  in  the  upper  third  of  the  cliff. 
If  we  view  the  [Seven]  *  Sisters  '  from  either  side  we  notice  that 
the  tint  of  the  chalk  in  the  highest '  Sisters  '  is  of  a  greyer  colour, 
and  that  this  discolouration  corresponds  with  the  upper  of  two 
strong  nodular  flint  lines,  9  feet  apart,  and  that  these  two  flint 
lines  generally  pass  out  of  the  cliff  in  the  hollows  between  the 
highest  '  Sisters.'  The  importance  of  this  observation  will  be 
seen  when  we  come  to  trace  the  same  two  flint  lines  in  Seaford 
Head,  for  we  find  that  the  Uintdcrinus  Chalk  is  there  apparently 
limited  below  by  the  upper  of  these  two  flint  lines." 

"  In  1898  we  found  at  the  summit  of  the  first  and  fourth  *  Sisters ' 
(counting  from  Cuckmere)  Uintacrinus,  Bourgucticrinus  (with 
nipple-shaped  head),  and  Echinocorys  wlgai-is,  var.  pyramidatus. 
.....    These  fossils  were  obtained  in  bare  patches,  where 
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the  turf  had  been  denuded  at  the  cliff  edge/'  Afterwards  a  Mar- 
supite  plate  was  found  on  the  first  "  Sister."  (Op.  cU.,  pp.  330, 331.) 

In  the  cUffs  west  of  CSuckmere  Haven  the  Af .  cortestudmariMn 
zone  again  rises  above  the  shore  line,  as  already  stated,  aAd  as  the 
beds  curve  over  to  dip  steeply  westward  in  Seaford  Head  the  whole 
of  the  M.  coranguinum  zone  is  here  exposed  in  an  easily  accessible 
manner,  and  is  found  to  be  242  feet  thick.  In  this  short  distance, 
however,  several  changes  seem  to  have  taken  place  in  the  lithology 
of  the  beds,  for,  according  to  Dr.  Howe,  not  only  has  the  sponge  bed 
seen  at  Birling  and  Crowlink  disappeared,  but  the  "  spurious 
tabular  "  flint  has  also  thinned  out.  He  found,  however,  that 
another  conspicuous  layer  of  flint,  which  he  calls  the  "  strong 
M.  coranguinum  tabular,''  is  continuous  all  the  way  from  Beachy 
Head  to  Seaford  Head  ;  this  occurs  about  60  feet  above  the  base  of 
the  zone. 

Here  I  would  remark  that  although  Prof.  Barrois  proves  to  be 
mistaken  in  the  limits  which  he  assigned  to  the  several  zones  in  this 
particular  section,  yet  he  correctly  recognised  the  zones  which 
enter  into  the  chalk  of  Seaford  Head,  and  we  must  remember  that 
his  zone  of  Marsupites  included  that  which  has  since  been 
separated  as  the  zone  of  Actinocamax  quadratus.  It  is  in  fact 
wonderful  that  Professor  Barrois  could  have  accomplished  so  much 
excellent  work  in  the  few  months  which  he  was  able  to  give  to  it, 
and  I  desire  to  endorse  Dr.  Rowe's  appreciation  of  Professor 
Barrois'  pioneer  researches. 

Zone  of  Marsupites  testudinaxius. 

Part  of  the  chalk  referred  to  this  zone  by  Professor  Barrois  is 
described  by  him  as  "  chalk  which  is  almost  devoid  of  flints,"  and 
in  this  he  found  Actinocamax  Merceyi.  This  band  is  evidently 
comparable  to  some  part  of  the  Margate  chalk,  but  until  Dr.  Rowe 
searched  the  beds  in  his  careful  and  methodical  manner  no  one 
had  been  able  to  find  any  trace  of  Marsupites  or  Uintacrinus, 
and  consequently  the  zone  remained  without  definition.  What 
follows,  therefore,  is  based  upon  the  account  given  by  Dr.  Rowe. 

In  the  section  west  of  the  Cuckmere  he  notes  the  existence  of 
an  oblique  fissure,  out  of  which  a  cave  has  been  excavated,  and 
that  the  junction  of  the  M,  cortestudinarium  and  M.  coranguinum 
zones  occiu^  at  this  cave.  "  Passing  a  little  further  west  we  trace 
the  dip  of  the  strong  A/,  coranguinum  tabular  to  the  shore  below  the 
west  side  of  the  Castrum,  Still  passing  westward,  we  reach  the 
point  where  two  strong  nodular  flint-lines  sink  to  the  shore. 
These  are  clearly  the  same  two  flint-lines,  9  feet  apart,  which  we 
saw  intei-secting  the  bases  of  the  highest  of  the  '  Sisters,'  so  it  is 
probable  that  we  are  nearing  the  junction  with  the  Marsupites 
chalk."  His  search  resulted  in  finding  Uintacrinus  at  once  above 
the  upper  of  these  flint-layers,  but  none  below  it,  and  accordingly 
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Hq  takes  this  layer  of  flints  as  the  lower  limit  of  the  Mar^pUea 
zone. 

His  first  search  for  Marsupites  in  1898  was  unsuccessful,  but 
a  more  determined  search  in  1899  resulted  in  the  discovery  of 
Marsupites  plates  through  a  thickness  of  over  48  feet,  these  plates 
commencing  to  occur  28  feet  9  inches  above  the  flint-bed.  Thus 
he  proved  the  zone  .to  consist  of  two  parts,  a  lower,  in  which 
UintdcriniLS  prevails,  and  a  higher,  in  which  Marsupites  only 
is  found.  As  will  be  seen  on  a  later  page,  Dr.  Rowe  has  found 
that  the  same  sub  divisions  exist  in  the  Isle  of  Thanet. 

The  complete  succession  seen  in  the  chtfs  between  Cuckmere 

Haven  and  Seaford  may  be  given  in  this  place.    The  beds  here 

were  measured  by  Dr.  Rowe  and  Mr.  C.  D.  Sherborn,  and  are 

stated  by  the  former  as  follows: — 

Fl  in. 
Zone  of    ( From  the  lowest  part  of  M,  cortestudinarium 
Micraster  )     zone  to  the  oblique  fissure-cave  where  the 
cortestudi'  |     closed  marl-band  divides  this  zone  from  that 
narium.   L     of  M.  coranguinum-        -        -        -        about       80     0 
^From  marl- band  at  oblique  fissure-cave  to  place 
where  the  strong  M,   corangrttinum- tabular 
sinks  to  the  shore  under  the  castrum    -        -       62     0 
From  spot  above  mentioned  to  where  the  upper 
of  two  strong  nodular  flint-layers,  9  feet  apart, 

sinks  to  the  shore 180     0 

From  the  upper  of  two  strong  flint-layers  to 

point  where  the  last  f7in<acr mtw-plate  and  the 

first  ifar«upite«- plate  were  found  -        -        -       28     9 

From  spot  where  the  last  Marnupites-pVAie  was 

found  to  the  upper  of  two  marl-bands  470 

feet  from  stone  groyne 49     9 

2^1    J  From  upper  of  two  marl-bands  to  top  of  the 

^^    /      ")     '^'  ^wacfra«i«  chalk  at  west  end  of  Seaford  Head 

^^^         *  i  about    170     0 

Total  569  6 
It  should  be  pointed  out,  however,  that  in  this  tabular  view 
Dr.  Rowe  includes  the  20  feet  of  chalk  which  forms  the  transition 
band  between  the  zone  of  Marsupites  and  that  of  Act,  quadratus 
in  the  latter,  though  on  p.  338  he  expressly  groups  it  with  the 
former.  If  this  is  deducted  from  the  thickness  of  the  A.  quadratus 
zone,  only  150  feet  is  left  for  the  latter  at  this  place,  and  the 
thickness  of  the  Marsupites  zone  will  amount  to  about  98  feet.* 
In  the  cliffs  between  Newhaven  and  Brighton  the  beds  undu- 
late slightly,  and  Dr.  Rowe  found  that  the  top  of  the  Marsupites 
zone  was  exposed  at  the  base  of  the  cliffs  west  of  Old  Nore  Point 
and  in  the  shore-reefs  of  the  eastern  part  of  Friars  Bay. 

The  zone  again  rises  from  the  shore  between  Ovingdean  aud 
Boedean,  and  the  following  indications  are  given  by  Dr.  Rowe : 
"  Passing  westward  over  the  two  stone  groynes  (at  the  Pumping 

*  I  am  informed  by  Dr.  Howe  that  these  figures  are  correct,  and  should 
l^ave  l^i^  so  printed  in  the  table  above  quoted. 
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Station)  we  find  an  open  marl-band  rising  from  the^hore  .  .  . 
tliis  marl-band  forms  the  top  of  a  wrought  cave  opposite  the  fifth 
electric  standard-pole  west  erf  the  groynes."  Below  this  he  found 
MarsupiteS'plsLteB,  above  it  no  MarswpiteSy  and  for  a  certain  space 
no  Off  aster  pillula,  there  being  a  transition  band,  just  as  at  Seaford 
Head.  West  of  this,  below  Roedean,  Marsupites-piaies  are  abun- 
dant, for  the  beds  continue  to  rise  westward,  and  58  feet  of  this 
zone  can  be  measured  at  the  Brighton  end  of  the  cliff.  Finally,  the 
Uintacrinus  band  comes  up  in  the  reefs,  its  existence,  strongly  sus- 
pected by  Dr.  Rowe,  having  been  proved  by  Mr.  W.  MacPherson, 
who  found  a  plate  on  the  reef  facing  the  Elephant-bed. 

Of  the  chalk  composing  this  zone  near  Brighton  Dr.  Rowe 
writes  as  follows : — "  The  chalk  is  soft  and  marly,  with  nodular 
and  tabular  flint-bands  and  marl-seams.  No  one  could  distin- 
guish this  chalk  from  that  of  the  zone  above,  and  the  only  difference 
is  that  the  flints  have  a  thin  white  cortex  instead  of  a  pink  one. 
Even  this  distinction  fails  at  certain  places  in  the  section.  .  .  . 
There  is  no  lithological  break  to  divide  this  zone  from  that  of 
Actinocamax  guadratus.** 

It  win  be  seen,  therefore,  that  here  the  chalk  of  the  Marsupites 
zone  is  by  no  means  flintless,  and  in  this  respect  differs  gi'eatly 
from  the  well-known  Margate  Chalk. 

Zone  of  Actinocamax  quadratus. 

This  zone  includes  all  the  higher  part  of  the  chalk  which  Pro- 
fassor  Barrois  referred  to  his  zone  of  Marsupites. 

The  most  complete  exposure  of  it  is  in  the  western  part  of  Seafoid 
cliff,  where  a  dip  of  12  to  15  deg.  brings  in  a  great  thickness 
of  beds  within  a  very  short  distance.  Better  opportunities  of 
examining  its  lower  beds  and  of  collecting  fossils  are  to  be  found 
in  the  long  range  of  cliffs  which  extend  from  Newhaven  to  Brighton, 
for  these  are  composed  almost  entirely  of  this  zone  from  New- 
haven  westward  for  a  distance  of  6^  miles. 

The  chalk  in  the  western  part  of  Seaford  cliff  is  described  by 
Professor  Barrois  as  containing  many  flints  in  layers  about  6  or  7 
feet  apart,  and  these  layers  are  not  composed  of  single  flints  in 
line,  but  of  many  flints  scattered  irregularly  through  some  12 
inches  of  chalk.  The  flints  are  black  inside  and  not  banded, 
smooth  and  regular  in  outline,  and  round  or  somewhat  flattened 
in  shape.  He  estimated  the  total  thickness  of  this  chalk  at  Seaford 
to  be  40  metres  (130  feet),  but  by  Dr.  Rowe's  measurement  it  is 
150  feet  (see  page  37). 

Dr.  Rowe  says,  ''The  zone  is  characterised  .by  a  rather  soft 
white  oh&lk,  greyish  in  places  from  admixture  with  marl,  but 
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often  of  a  yellow  colour  from  diffused  staining  with  iron. 
Marl-bands»  which  often  weather  out  as  open  seams,  are  common ; 
80  are  tabular  and  nodular  flint-bands,  but  the  latter  never  occur 
with  the  regularity  of  those  in  the  zone  of  Micraster  corcmguinum. 
We  know  of  no  chalk  so  full  of  tabular  flint  as  this,  and  oblique 
fissures  in  the  chalk  are  frequently  in-filled  with  thin  layers  of 
flint."    (Op.  eU.,  p.  340.) 

Dr.  Rowe  does  not  give  any  pai*ticulars  of  the  beds  of  this  zone, 
either  at  Seaford  Head  or  at  Newhaven,  and  neither  Mr.  Hill 
nor  I  have  been  able  to  examine  these  sections.  Professor  Barrois' 
Newhaven  section  is  the  only  one  yet  available,  and  this  we  give 
below,  his  thicknesses  being  altered  to  accord  with  the  real  height 
of  the  cliff,  which  is  less  than  he  supposed  : — 

Feet. 

Chalk  with  layers  of  flints  at  intervals,  grey  or  black  inside 
and  some  of  them  large about    26 

Chalk  with  few  flints,  but  some  thin  tabular  layers.    Off  aster 
pillula,  Cyphosoma  Koentgi,  Magas  and  other  fossils  ;  about     50 

Chalk  in  beds  about  6  feet  thick,  separated  by  seams  of  marl ; 
black  flints  of  rounded  shape  occur,  both  scattered  and  in 
layers.    Inoceramua  tnvolutus,  Offaster  pillula  and  Echi- 
nocofys  scutatus about    36 

110 

When  collecting  from  these  locaUties  Mr.  J.  Rhodes  observed 
that  about  60  feet  below  the  highest  chalk  in  Seaford  Head  there 
was  a  bed  in  which  Offaster  pillula  was  very  abundant,  and  that  a 
similai  bed  occurred  near  the  bottom  of  Newhaven  chff.  At 
Newhaven  the  beds  are  nearly  horizontal,  so  there  must  be  a 
quick  recovery  from  the  steep  incUnation  which  they  show  in 
Seaford  Head.  Whether  they  are  re-curved  or  faulted  we  have 
no  means  of  knowing. 

From  Dr.  Howe's  account  ^\e  learn  that  the  beds  continue  to  be 
horizontal  from  Newhaven  to  Old  Nore  Point,  where  they  begin  to 
rise  to  the  west,  and  a  thin  layer  of  tabular  flint  emerges  from  the 
shore.  It.  is  below  this  tabular  layer  that  the  top  of  the  Marsupites 
zone  comes  up  for  a  short  distance.  "  The  rise  in  the  beds  is  not 
maintained,  as  there  is  a  series  of  faults  which  brings  the  tabular 
to  the  shore  again  in  the  centre  of  [Friai-s]  Bay." 

Below  Portobello  the  beds  are  again  nearly  horizontal,  and  from 
the  chalk  with  nodular  flints  here  accessible  Mr.  Rhodes  obtained 
ihe  following  fossils  :— 


Actinocamaz  quadratus. 
Rhynchonella  plicatilis. 
Boorgueticrinus  ellipticus. 


Offaster  pillula. 
Echinocorys  scutatus 
Foroeph»ra  ^lobularis. 
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Aocording  to  Professor  Barrois'  account  (Becherches,  p.  25), 
these  lower  beds  sink  below  the  beach  near  Bottingdean,  and  the 
overlying  chalk,  with  continuous  layers  of  flint,  comes  down  to 
the  level  of  the  shore.  From  these  beds  he  obtained  A  ctinocamax 
Merceyi  (  =  A.  granvlattis),  Inoceramus  lingua,  Plicatula 
sigiUiTia,  and  the  gibbous  variety  of  Echiihocorys  atyu^cUua.  He 
describes  and  figures  three  layers  of  "  tabular  "  or  continuous 
flint,  which  here  and  there  branch  into  two  and  unite  again, 
thus  enclosing  flattish,  lenticular  masses  of  chalk  from  4  inches 
to  3^  feet  in  length.  He  also  remarks  that  the  highest  of 
these  flint-floors  is  covered  by  a  layer  of  marl  about  4*  inches 
thick,  and  that  the  chalk  which  overlies  this  marl  is  somewhat 
nodular. 

West  of  Rottingdean  the  beds  begin  to  rise  again  ;  the  base  of 
the  zone  is  soon  brought  up,  and  the  imderlying  chalk,  with  Mar- 
supitea,  comes  into  the  cliff  as  already  stated  (see  p.  37).  Prof. 
Barrois  states  that  the  flint  and  marl-band  rises  from  the  foot  of 
the  cliff  at  Bottingdean  till  it  reaches  the  cliff  top  at  Boedean 
Grate,  near  the  turnpike. 

Dr.  Bowe  records  the  occurrence  of  Am.  [Haploceraa]  lepto- 
phyllus  in  considerable  numbers  at  and  near  the  base  of  this 
zone  all  the  way  from  Newhaven  to  Bottingdean.  Many  of 
them  are  very  large,  frequently  4  feet  in  diameter,  and  one  was 
5^  feet  across.  Besides  the  usual  fossils  of  the  zone,  Bryozoa  are 
abundant,  especially  in  a  layer  near  Bottingdean.  Of  these  he 
ment\oiis  Eschara  Dana'4,  Vincularia  santonensis,  V.  disparUis,- 
and  a  new  species  of  Cribrilina  as  specially  characteristic. 

One  point  seems  clear  from  the  observations  and  careful  collect- 
ing of  fossils  by  Professor  Barrois  and  Dr.  Bowe,  and  that  is  that 
the  highest  chalk  seen  in  the  cUffs  between  Newhaven  and  Brighton 
belongs  to  the  zone  of  Act,  quadratus,  and  that  there  is  no  indica- 
tion of  the  incoming  of  the  higher  zone  of  BdemrvUdla  mucronata. 

FOSaHiS   FROM  THE  UPPER  CHALK  OF  THE  SUSSEX  GUFFS. 

The  following  list  of  fossils  is  based  upon  that  published  by 
Dr.  Bowe  in  his  recent  paper  above  mentioned,  for  though  many 
of  the  species  had  been  obtained  previously  by  the  Survey  collector. 
Mr.  J.  Bhodes,  yet  he  had  not  worked  along  thp  whole  section,  and 
Dr.  Bowe's  list  is  much  more  complete.  To  those  given  by  Dr. 
Bowe  I  have  added  a  few  supplementary  species  and  zonal  occurs- 
rences,  which  are  indicated  by  letters,  thus  those  foimd  by  Mr, 
Bhodes  are  indicated  by  the  letter  S,  those  recorded  only  by 
Professor  Barrois  are  shown  by  the  letter  B,  and  those  foimd  by 
Mr.  Maddock  by  the  letter  M.  Many  fossils  have  been  obtained 
from  the  chalk  of  op  near  Brighton  bv  the  oldei*  collectors,  but 
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their  zonal  horixooa  being  unknown,  they  ootUd  not  be  admitted 
iato  this  list:— 


1 

B 

1* 

i 

S' 

1 

•33 

¥ 

•5| 

Pixel. 
Beryx  radians!    ii^.  (Ctenothrisaa)    -        .        -        - 
Cimolichthys   lewesienma,    Leidy        .... 

Corax  falcatus,    Ag.            

„     pristodontuB,     Ag. 

X 

X 
X 

X 

X 

X 
X 

B 
B 

I 

X 

X 
X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

Lamna  appendiculata,  Ag. 

Mftcropomfl    Mantelli,    Ag. 

Oiyrhina  ManteUi,  Ag. 

Ischyodua    sp.             

ttychodus  mammillaria,  Ag. 

Cephalopoda. 
AiDiDOaites[Hapli>ctiraB]  leptophyllua  Sharpe  - 
Actinocainax  granulatus.  lilaxnv.        .        .       .        . 
„             quadratusi    Defr.          -         .         .        . 
veruH,    Miller       -                ... 

Ga»teroj)oda. 

X 

M 

X 
X 
X 

X 
X' 

s 

Lami  llihranchia  Ui. 

Caprotioa  sp.      -       -               

laoceramiu  Brongniarti,    Sow.          .       .        .        , 

„           Cuvieri,    Som. 

„          digitatiia,  Sow. 

„           involutiiB,  Sow.      ..... 

„           Lamnrcki,     Sow.            .... 

lingua,  Gotdf. 

„           mytiloideal,    Sow.          .... 

Lima  granoBa,    Goldf. 

„      Hoperi,     Sow.            

„      pectinata,  d'Orb. 

Ortrea  alseformiB,    S.  Woodu>. 

„      canaliculata,  Sow. 

„      liippopodiura,  d'Orb. 

„       normaniana,  d'Orb.        .       -        .       .       . 
„      semiplana,  Sow.       ..--.. 

„      vesicularis,    Lam.            

„      weginanniana,     d'Orb. 

Pecten  (ChlfiniyB)  cretoBUB,  Zte/r.  (-nitidus)    - 

"      (Neithea)    Dutemplei.   d'Orb.        •        .        - 
„           „      qiiinqiiecostatus,  SotP.        .       -       - 

„        BorroiBi,  Ptron 

z 
x: 

X 

X 
X 
X 
X 

X 

X 
X 

X 
X 

B 

X 

S 

z 
1 

X 
X 
X 
X 

X 

X 
X 

X 

B 

X 

B 

X 

X 
X 

X 
X 

I 

X 
X 

X 
X 

X 

B 
B 
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^■i 


I'.i  : 
■1° 


Spondflus  tequalis,  US.     - 

„         dutempleanus,  d'Orb. 
,,         latus.  Sow. 


Teredo  amphiaUena,   Goldf. 

Brachiopoda. 
Crania  egnabergeosis,  Jielz.       .       .       - 
„     parUiensiB,  Defr.       -        -        ,       - 
Kiagena  lima,   Defr.  -        -        -        . 

Bhynchoaella  Cuvieri,     d'Orb. 

„  lirabata,  Scklotk. 

„  plicatilis,     Som. 

„  „     Tar.  uctopticata.  Sow. 

„  reedensis,  Eth.      ~        -       - 

Terebntulft  carnca,   Sow. 

„  Bemiglobosa,    Sow. 

Tereturatuliaa  graciiis,  Scliloth.,  var.  lata,  £ 

„  fiowei,    Kitehin    -       -       - 

,,  striata,  Wahl. 

Thecidium  Wetherdli,  Morru    -      -      . 


Bryozoa. 

Alectosp. 

Cribrilina  ap.  nov. 
Biaatopora  ap.      -        -        -       ■ 
Entalophora  puatulosa,  dOrb.    - 
•    ■     ,,  dOrb.- 


Eacliar 


8p. 


a  Acia,  d'Orb.  - 
Aceate,  d'Orb. 
Danae,  dOrb. 
ap.  - 


Escharina  inelegana,  Lontd. 
Hom<Boaolen  ramuloaus,  Ltnud. 
Micropora  (Escharina)  intricata,    Lonad. 
ProtxHcina  ramosa,  Edw.     -        -        .        - 
Reticulipora  (BetecriMna)  obliqua,  tTOrb.- 
Semicyatia  rugoaa,  tTOrk. 
Vincularia  aantonenBis,  SOrb. 

„  disparilia,   dOrb.    -        -        - 

C'niiffa/:ea. 
Enoploclytia  Loachi,  J/anf. 
Pdlicipcs  glaber,  Roemer  -        ■        •        - 
Scalpelluin    foeaula,    Darw, 

„  maximnm,     Sow.    • 
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if 


Annelida. 
Serpula  ampiillacea,   Sow.  .        .        -        . 

„        fluctiiata,    Sow.  .... 

„         gran  data,    Sow.  .... 

ilium,    Sow. 

„        plaiui,  S.  Woodw.  -        -        -        -        - 
„       miicroyus,    Sow.  .        ,        -        . 

„        plexus,  Sow. 

„       turbiiiella.    Sow.  .        .        .        . 

Ech  inodtr  mala. 
Bourgucticriniia  ellipticits.   Miller      ■ 

sp.  n<)v.  .... 

Cidaris  davigera,  Kmiij  -        .        .        - 

„       hirudo,  Sorig.    ---.-- 

„        perornata,  Forbes    -       .        .        -        . 

„        Bceptrifera,  Mant.  -        -        -        -        ■ 

„        aerrifera,  Forbes        .... 

Cjphosomn  corollttro,  Klein       -        .        .        . 

„         Kwtiigi,  Mant.        -       -       .       . 

„  radiatnm,  Sorig.       -        .        -        . 

„  spatuliferTiiii,  Forbes        ... 

Discoidea    Dixoni,    Forbes         -        .        .        . 

Echinocorys  §cutatus,  Leske,  var.  gibbua,  Lai,i. 

„  „        var.    pyramidatus,  Portl. 

Ejuaater    gihbus,     Lam.  .        .        .        . 

Oaleritea  nlbogalenia,  Le»ke        .... 

Hemiaster  minimus,  Ag. 

Holaater  planus,    Mant.  -  -        .        .        . 

„        placenta,  Ag. 

Infulast«r  rostratUH.  Forhts       .        .        .        - 
Maraupitea  teatudinarius,  Schlotk.    • 
Micraater  corangiiinum,    Letke 

„         corbovis,  Forbes  -        -        .        - 

„        cortestudinarium,   Goldf.  ■ 
„         dyphua,  Sehliil.         -        .        -        . 
„         Leekei,    Desm.  -        .        -        . 

„         praecursor,  Rawe        .... 

Offaater  pillula,    Lam, 

Ophiura    ap. 

Peotscrinus  ap,   ■        - 

Salenia  granulosa,   Forbes        .        .        .        - 


Axogaster  cretacea,   Lonsd. 
C<eloamilia  laia,   E.   a-nd   II.    - 
Eptphaxum  auloporoidea,  Lonid. 
Paraamilia  centralis,  Mant. 
Fittoni,  £.  and  H. 
„        granulata,  Duncan 
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Spongida. 
CameroBpongia  capitate,  T.  Smith    - 
„  subrotunda,  Mant. 

Cephalites  catenifer,  T.  Smith  - 
„         gutlatuB,    T.    Smith 
Cliooa  erelacea,  Portl.       -        - 
Coscinupora  iiiTundibuliformis,  Goldf. 
Craticubria  Fittoni,  Mant. 
Dorydenna    ramosum,    Mant. 
Ela«ii)ost<>Dia    gcitulutii,    Hinde 
Guettardta   stellata,    Mich. 
HcteroNtinia  oUiqiia,  Henett 
Leptophragnta    Slurchisoni,    Goldf. 


•  ^'■i^ 


PharctroBuongia  Strahiini,  SoUat      -        -  .  , 

Fliathasella    compact*,    Hiiuk         .        .  ,  . 

„          BquamoM,  Zitt.        -        -        .  -  . 
Plocoscyphia    convolute,    T.    Smith 

„           tabrona,    T.    Smith        -       -  .  - 

Porochonta    Bimplei,    T.    Sviilh        .       .  .  . 

Porosphcera  globularia,  Phit.      -       -        -  .  . 

„  pileoliiB,  Lam.  {  =  P.  urc«idata,  I'htl.)  ■ 

„           Woodwardi,    Carter        .        .  .  . 

Siphonia    KoDnitT,    Mant. 

Stdetta  incluBa,  Hindt       •        .        -       .  .  . 

8tichophfina   lumidum,    Hinde        -       .  .  . 

VcDtriculites  convdutus,     Hinde              .  -  . 

cribroeiis,  Phil.            .       .  _  . 

decurrenB,    3".    Smith         -  -  , 
imprcBBUS,    T.   Smith 
infundibuliformiB,    S.  Vioodw.    • 

mam  miliaria,  T.  Smith       .  .  . 

radiatUB,    3".    Smith            .  -  . 
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CHAPTER  IV. 

THE    UPPER    CHALK    IN    SUSSEX. 

2.  The  Inland  Parts. 

General  Description. 

No  one  has  yet  attempted  any  detailed  description  of  the  Upper 
Chalk  in  the  inland  parte  of  Sussex  ;  it  would  need  a  special  recon- 
naissance and  much  careful  collecting  of  fossils  to  trace  the  suc- 
cessive zones  from  east  to  west  through  the  length  of  the  county. 
A  study  of  the  slight  lithological  differences  in  the  chalk  and  in 
the  physical  features  of  the  country  would  doubtless  assist  anyone 
who  undei*takes  such  a  reconnaissance.  Thus  my  colleague,  Mr. 
C.  Reid,  makes  the  following  observations  :— 

"  The  chain  of  hills  in  the  middle  of  the  South  Downs  probably 
represents  the  feature  made  by  the  fii*mer  chalk  of  the  Bdem- 
nitdla  zones  resting  on  the  soft  chalk  of  the  MarsupUes  zone. 
Sections  are  extremely  rare  in  this  feature,  and  it  cannot  be  fol- 
lowed for  any  great  distance  continuously,  though  isolated  hills 
are  traceable  eastward  along  the  same  line  as  far  as  Brighton." 

Mr.  W.  Hill  examined  some  of  the  quarries  near  Lewes, 
Arundel  and  Houghton  in  1897,  and  Mr.  Rhodes  coUested 
fossils  from  these  and  other  places. 

Zonal  exploration,  so  far  as  it  has  been  carried,  seems  to  show 
that  the  highest  chalk  in  Sussex  belongs  to  the  zone  of  Actinocamax 
quadratuSy  and,  further,  that  a  greater  thickness  of  this  zone  comes 
in  at  some  localities  than  at  others.  Thus  near  Seaford  there  is 
at  least  150  feet  of  this  zone,  while  near  Arundel  there  can  hardly 
be  more  than  100  feet.  As,  however,  the  higher  zone  of  Bdem- 
nitdla  mucronata  is  present  in  Hampshire,  the  full  thickness  of 
the  A.  qaadratus  zone  probably  comes  in  to  the  westward. 

If  the  above  view  is  correct,  the  Chalk  must  have  been  bent 
into  broad  undulations  before  the  deposition  of  the  Eocene  series, 
and  the  flexures  must  be  truncated  unconformably  by  the  basal 
plane  of  the  Eocene,  a  conclusion  which  is  of  some  importance. 

Stratigraphical  Details. 

As  the  courses  of  the  rivers  Ouse,  Adur,  and  Arun  traverse  the 
Chalk  area  from  north  to  south  at  right  angles  to  the  strike  of 
the  beds,  the  valleys  of  these  rivers  form  a  convenient  means  of 
making  three  traverses  across  the  Upper  Chalk.    Professor  Barrois 
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took  advantage  of  this  means  of  examining  some  of  the  inland 
exposures,  and  we  propose  to  follow  his  example,  taking  the  dis- 
tricts in  the  order  above  mentioned. 

L— Valley  of  the  Ouse,  near  Lewes. 

Some  of  the  qiiarries  which  expose  the  zone  of  Holaster 
planu8  have  been  described  when  dealing  with  the  Middle  Chalk 
(see  Vol.  n.  p.  402)  ;  but  the  section  to  be  seen  in  the  northern 
part  of  the  large  quarry  known  as  Southerham  limekiln  quarry 
remains  to  be  described.  This  locality  has  acquired  a  special 
interest  from  the  curious  bed  of  phosphatic  chalk  which  is 
found  in  it.  The  following  accoimt  is  taken  from  Mr.  Strahan's 
description.* 

"  A  small  bank  at  the  eastern  end  of  the  long  line  of  limekilns 
affords  a  good  view  of  the  junction  of  the  Upper  and  Middle  sub- 
divisions, and  of  the  phosphatic  band  in  question.  A  section 
about  the  middle  of  the  cutting  showed  in  descending  order  :•— 

Feet 
Massive  chalk  with  flints. 

Flaky  white  chalk  with  a  few  flints  (H.  planus)     -       -       -    4 
Phosphatic  chalk  [with   brown  grains]  and  some  nodules 

partly  green  and  partly  brown,  up  to  1^  inches  in  diameter     1^ 
Hard  creamy  limestone,  nodular,  with  calcite  in  veins  and 

cavities,  some  green  coated  nodules Ij 

Hard  white  compact  chalk,  traversed  by  branching  pipes 

and  thin  laminae  of  phosphatic  chalk     -       -        -       -    3 
Chalk  as  above  but  with  less  phosphatic  matter     -       -       -    3 

West  of  this  point  the  phosphatic  band  thickened  up  to  2  feet 
4  inches  in  ten  yards,  while  in  the  same  distance  to  the  eastward 
it  decreased  to  about  2  inches  only,  showuig  t^e  local  and  imper- 
sistent  character  of  the  deposit.  It  is  curious  that  this  phosphatic 
chalk  does  not  occur  in  any  of  the  other  exposures  near  Lewes, 
though  several  traverse  the  horizon  at  which  it  occurs. 

The  underlying  hard  lime-stone  resembles  the  Chalk  Eock  of 
more  western  counties  and  seems  to  be  a  local  development  of  it. 

Above  these  beds  there  is  a  considerable  thickness  of  chalk, 
with  regular  layers  of  flints,  from  which  Mr.  Rhodes  obtained 
Micrasters  of  the  cortestudinariv/m  type,  Cidaris  clavigera,  Rhyn- 
chonella  reedemsis,  and  other  fossils  (see  list  on  p.  49) ;  but  the 
highest  part  probably  belongs  to  the  zone  of  M.  coranguinum. 

The  large  quarries  south  of  Offham  exhibit  a  fine  section  through 
the  zones  of  Micrdster  cortestvdimiriwni  and  Holaster  planum  into 
the  Terelrrattdina  zone,  but  there  is  nothhig  which  can  be 
called  **  Chalk  Rock,"  and  the  beds  in  which  Holaster  planus  is 

*  Quart  Journ.  Geol.  Soc,  Vd.  lii.,  p.  463.  (1896). 
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oommon  are  not  so  thick  as  usual.     The  section  was  measured 
by  Mr.  Hill,  who  furnishes  the  following  account  of  it  :^ 

Firm  white  chalk  with  frequent  layers  of  flints, 

inaccessible about 

Firm  white  chalk,  lying  between  two  continuous 

layers  of  flint 

Firm  white  chalk  with  a  few  scattered  flints, 

a  Micraster  like  cortestudinarium  -        -        - 
Bedof  flints-       -       -  -       -       -       - 

Bough   lumpy   chalk,   consisting   of   yellowish 

lumps  in  a  soft  mealy  matrix  -  -  -  - 
Firm  smooth  white  chalk  with  a  few  scattered 

flints,  Micraster  proecursor  -  -  -  - 
Firm  white  chalk  with  scattered  flints  -  -  - 
Massive  white  chalk  without  flints  -  -  - 
Firm  white  chalk  with  scattered  flints  and  a 

marked  layer  of  flints  at  the  base    -       -       - 

Firm  white  chalk  with  occasional  flints  in  lines 

at  about  3  feet  intervals,  Micrcuter  jn-cecursiTr 

A  thin  seam  of  marl    -       "       ;       "         .      " 

Bough  liunpy  chalk,  of  yellowish  lumps  in  a 

matrix     which    weathers     to    mealy    dust 

Cypho9oma    radiatum^    Tere&tuttUa  camea^ 

Smphiies  like  cequalis      -        -        -        -        - 

Massive  cx)urse  of  creamy  white  chalk,  rather 

lumpy,  with  HoL  planus  and  Micraster  sp,  - 

Well   marked   seam   of   marl    -       -       -       - 

Bough  lumpy  whitish  chalk  with  three  layers 

of  flints.  Hoi.  planus 

Chalk  full  of  scattered  flints      -        -        -        - 
Bather       rough    lumpy    chalk    with      greyish 
streaks,    three   layers     of  flints.    Hoi.    planus, 
Micr.  Leskei,  and  Lima  ffinnosa 

Seam  of  marl 

Firm,  smooth  white  chalk,  seen  at  intervals  round  the 
base  of  the  quarry,  Ter.  grax:ilis  var  lata 
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Total,  about  142     0 

Mr.  Bhodes  got  many  fossil  from  these  beds,  and  the  species 
identified  by  Mr.  E.  T.  Newton  seem  to  show  that  the  fauna  of 
the  K.  planua  zone  extends  into  and  perhaps  to  the  top  of  the 
beds  grouped  in  21  feet. 

The  highest  part  of  the  zone  of  M.  corteatudinaHnra 
api^ears  to  b?  exposad  in  the  upper  pit  on  Offham  Hill, 
now  disused.  At  the  bottom  of  this  Mr.  Rhodes  found  a 
band  of  hard  yellow  chalk,  IJ  feet  thick,  and  a  continuous 
layer  of  flint  about  8  feet  above  it.  Thia  pit  is  about  GO 
feet  deep  in  chalk,  with  many  layers  of  flmts,  and  from  it  Mr. 
Bhodes  obtained  some  of  the  fossils  in  the  following  list. 

Part  of  the  succession  from  the  Terehratvlina  zone  upward 
18  exposed  in  the  Bridgewick  pit,  north-east  of  Lewes;  but  it 
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is  not  so  accessible  as  at  Offham.  Many  of  the  flints  occurring 
in  the  zone  of  Af .  cartestudinarium  are  cavernous. 

Still  further  west  in  a  road-cutting  on  the  escarpment  west  of 
Plumpton  Mr.  Hill  found  a  set  of  hard  beds,  which  appeared  to 
represent  the  Chalk  Bock»  and  above  these  a  series  which 
certainly  includes  parts  of  the  zones  of  H,  planus  and  After. 
cortestudinarium.  From  10  feet  above  the  hard  beds  he  obtained 
a  large  Micraster  since  identified  as  M.  Leslcei,  and  two  feet 
higher  he  found  Af .  proecursor.  Still  higher,  at  from  20  to  25 
feet  above  the  hard  beds,  he  obtained  two  Af.  proecunor  of  a 
facies  suggesting  the  zone  of  Af .  cortestudinarium. 

The  zone  of  Micraster  coranguirvum  comes  in  at  the  western 
end  of  the  Southerham  limekiln  quarry.  When  collecting 
fossils  here  for  the  survey,  Mr.  Rhodes  noticed  a  bed  of 
hard  yellow  chalk  at  the  highest  point  he  could  reach,  about 
forty  feet  above  the  floor  of  the  quarry ;  this  bed  he  took  to 
be  at  the  junction  of  the  Af.  coranguinum  and  M.  cartes- 
tudiriarium  zones.  Above  it  there  is  a  considerable  thickness 
of  chalk,  probably  100  feet,  and  Mr.  Rhodes  found  that  some 
blocks  which  had  fallen  from  this  were  crammed  with  large 
fragments  of  Inoceramus. 

A  quarter  of  a  mile  further  noi*th,  in  what  is  called  the  "  Snow- 
drop "  or  *'  Navigation  "  quarry,  a  similar  section  is  seen.  This 
is  in  the  centre  of  the  syncline  (see  Fig.  «^3,  p.  55),  and  the  beds 
aru  nearly  horizontal.  Mr.  Rhodes  reports  the  succession  to 
be  as  follows  :— 

Feet. 
Chalk  with  many  flints  in  layers  from   one  to  3  feet 

apart,  upper  30  feet  inaccessible        -        -       about    90 
Marked  layer  of  tabular  flint. 
Hard    yeilowish    chalk    with    occasional    green-coated 

nodules about      4 

Massive  white  chalk  with  layers  of  flints  at  intervals  of 

5  or  6  feet,  many  of  the  flints  are  cavernous,  about    60 

From  the  hard  band  Mr.  Rhodes  obtained  Echiiwcorys  scutatus, 
Galerites  albogalerus,sever3\  Micraster  cartestudinarium,  Micmster 
prascursar,  and  some  other  fossils.  The  Micrasters  have  the 
aspect  of  those  which  occur  at  the  junction  of  the  two  zones,  but 
iio  typical  Af .  coranguinum  was  found ;  the  presence  of  GaleriJtes 
aibogalerus  is  suggestive  of  the  higher  zone,  but  does  sometimes 
occur  in  that  of  Af .  cortestvdinarium,  so  that  we  incline  to  regard 
this  bed  as  the  local  top  of  that  zone. 

Fo&siLs  FROM  Prrs  near  Lewes, 

The   following   list   of  fossils  from  the   pits  near  Lewes  is 

the   result   of  collections    made  by  Mr.  Rhodes  for  the  Qeo- 

logical  Survey,  supplemented  by  those  recorded  by  Professor 
Barrois:— 
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Pisces. 
Ptychodiis  Oweni,  Dixon     -        -       -       - 
„          mammillaris,  Ag.       -       .       . 
Fish  remains  

CepkcUopoda, 
Scaphites  ef,  sequalis,  Saw.         .       .       . 

LamellibranchicUa. 
Inoceramus  Cuvieri,  Saw. 

„  Lamarcki,  d'Orb.  (non  Park) 

„  mjrtiloides  ?  iS^(ni;. 

„  striatus,  Saw.  -       -       -       - 

„  undulatus,  if  ant.    - 

>»  «P-  

Lima  granosa,  Saw. 

„     Hoperi,  Sow. 

Ostrea  normaniana,   d'Orb. 
„      semiplana,    Mant. 
„      vesicularis,  Lam.     -       -       -        ■ 
Spondylus  spinosus,  Sow .    •       -       -       ■ 
„       striatus  ?  Saw.    -       -       -       ■ 

Bra^hiopoda. 
Crania  parisiensis,  Defr.      -       -       - 
Rhynchonella  plicatilis,  Sow. 

„  limbata,    Schloth. 

„  reedensis,  Eth. 

Terebratula  semiglobosa,  Sow.     - 
Terebratulina  gracilis,  SMoth.v&T.  lata,^M 

„  striata,  Wahl. 

Bryozoa, 

Alectosp. 

Entalophora  sp. 

Eschara  sp. 

Idmonea  subcylindrica  Roemer  - 
Homceosolen  ramulosus,  Lonsd.  • 

Echinodermata. 
Bourgueticrinus  sp.     - 
Cidaris  clavigera,  Konig     - 

„      Merceyi,  Cott.         -       -       - 
„      sceptrifera,  if  ant.    -       -       - 
„      subvesiculosa,  d'Orb. 
Echinocorys  scutatus,  Leske 
Cyphosoma  corollare,  Klein 
„  radiatum,  Sorig. 

Qalerites  albogalerus,  Leske 
Holaster  planus,  Mant.      ... 
Micraster  coranguinupu  Lesley    - 
6821, 


S 


S 


s 
s 

s 
s 

s 
s 
s 
s 
s 
s 
s 


s 
s 
s 
s 


s 
s 
s 


s 
s 


s 
s 


s 
s 
s 

s 


s 
s 


B 


s 
s 
s 
s 
s 


s 
s 

s 

B 

s 

s 
s 
s 


s 


s 
s 


s 
s 

s 


s 

B 


B 


D 


50 


THE  CBETACEOUS  ROCKS  OF  BRITAIN. 


'I 


^11 

Ml 

8 


•Si  § 

ill 

i 


>» 


Micraster  corbovis,    Forbes 

cortestudinarium,  Goldf.     - 
Leskei,  Deitn.  (—  breviporuB) 
precursor  T   i?atoc 

Salenia  graniilosa,  Forbes    ... 

Ann^/uia. 

Serpula  cinctaO^o^.  -        -       .  - 

„       ilium,  iS^(ni;.     -       -       -  - 

„       plexuSfSow.    ...  - 

Actinozoa. 
Diblasus  sp. 

Spongida, 
Camerospongia  campanulata,  T.  Smith 
Porosphsera  globularis,  Phil.      - 
Ventriculites  decurrens,  T,  Smith    - 

impressus,  T.  Smith 
mammillaris,  T.  Smith  • 
radiatus,  Mant, 
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2.— Valley  of  the  Adur.^ 

There  are  not  many  exposures  along  this  valley,  but  Mr.  Keid 
found  a  large,  quarry,  south  of  Lock  Bam,  near  Boeding,  showing 
about  140  feet  of  chalk  with  flints,  which  appears  to  belong 
to  the  zones  of  M.  cortestudinarium  and  M,  caranguinum. 

Further  south  chalk  with  many  flints  is  exposed  in  a  pit, 
close  to  road  and  rail,  at  Old  Erringham  Farm,  which  is  probably 
in  the  zone  of  M.  coranguinum. 

At  Old  Shoreham  there  is  a  quarry  from  which  Prof.  Barrois 
obtained  Afar«upites-plates,  together  with  Echinocorys  gibbus, 
Micraster  coranguinv/m,  Rhynch/mdla  octoplicata,  and  other 
fossils.  Here,  therefore,  the  zone  of  Marsupites  appears  to  \ie 
exposed ;  but  at  Kingston,  to  the  south-east,  there  is  chalk  with 
numerous  layers  of  flints,  which  probably  belongs  to  the 
zone  of  Act,  guadratus. 

On  the  western  side  of  the  Adur  valley  there  are  three  quarries 
near  Lancing,  two  of  which  are  certainly  in  the  zone  of  Mar- 
supites.  One  of  these  is  south  of  Burwell's  Farm,  near  Lancing 
CJollege ;  the  chalk  here  is  very  soft,  and  contains  but  few  flints. 
Mr.  Rhodes,  when  collecting  here,  foimd  a  bed  about  15  feet  above 
the  floor  of  the  pit  in  which  Ostrea  a^cutirostris  was  very  abundant. 
The  other  is  a  large  quarry  in  similar  chalk  south-west  of  Mill 
Hill,  and  in  this  Mr.  Rhodes  foimd  Marsupites-plates  to  be  abun- 
dant just  above  a  layer  of  flints  about  50  feet  from  the  floor. 

The  third  quarry  is  near  Hill  Bam,  North  Lancing,  and  shows 
about  30  feet  of  chalk  with  layers  of  flints ;  this  is  probably  in 
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the  lower  part  of  the  Act,  quadratus  zone,  for  a  Belemnite  of  this 
type  was  found,  and  Bryozoa  are  abundant,  but  no  specimen 
of  Off  aster,  generally  so  common  in  that  zone,  was  discovered. 

The  following  is  a  list  of  the  fossils  found  by  Mr.  J.  Bhodes  in 
the  quarries  above  mentioned:— 


Coruigai- 
nuim  tone. 


^m 

I 


Manupite  Eone. 


'I 

09 


Eg 


a 


Qnad. 
sone. 


n 


Ac^ocamaz  sp. 

Lima  laeviuscula  ?  Sow,      ... 
Ostrea  acutirostris,  NiU$. ... 
,,    nonnaQiana,  d'Orh,  - 
M    yesicularis,   Lam,     .       .       . 
Pecten  (Chlamys)  cretosus,  Defr,    - 
„       (Neithea)   5-costatus,   Sow,  - 
Plicatula    Bigillina,  S.P.  Woodw, 
Spondjdus  latus  f  Sow,    - 

n  spinosus.  Sow.  -       -       - 

Crania   egnabergensis,  Retz, 
Rhynchondia  pUcatiliB,  Sow,    • 
„  limbata,  Scfdoth,  - 

Terebratula  semiglobosa.  Sow,  - 
Terebratulina  gracilis,  var, 

„  striata,   Wahl.    - 

Alecto  sp. 

Escharina  inelegans,  Sow,  - 
intricata.  Lonsd 


»» 


»> 


sp. 


»9 


>f 


Diastopora  sp.    -       -       -       -       - 
Semieschara  arborea,  d'Orb,    - 
Terebella  lewesiensis,   Davies   - 
Serpula   ampullacea,    Sow. 

fluctuata,  Sow,    .       -       . 
granulata,  Sow.  -       -       . 
macropus.  Sow.  -       -       - 
plexus.  Sow,' 
Bour^eticrinus   ellipticus,    Goldf.  - 
Cidans  davigera,  Konig.  ... 
„     sceptnfera,  Mant.  -       -       . 
„     Merceyi,    Cott,       .       -       . 
Ecbinocorys  scutatus,  Leske     - 
Micraster  coranguinum,  Klein  - 
99       corte^tudinarium,  Gold/.    - 
„        prsecursor,  Bowe. 
ICarsupites  testudinarius,  Schloth,   - 

Parasmilia  sp. 

OaUodictyon  7 

Pharetroepongia  Strahani,  Sollas.     - 
Porosphsera  globularis,  Phil,    - 
„  urceolata,    Phil.     - 

„  Woodwardi,    Carter 

Ventrictdites  cr^broBua.  Phil,  r       r 
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3.— Valley  of  the  Arun  and  Westward. 

.No  good  sections  of  the  zone  of  H,  planus  were  found  near 
Amberley,  but  it  is  traversed  by  the  railway  cutting  about  half  a 
mile  south  of  the  station,  at  the  east  end  of  a  short  tunnel.  Mr. 
Hill  examined  this  in  1897  and  described  the  chalk  as  lumpy  and 
of  a  creamy-yellow  tint ;  no  continuous  section  can  be  taken,  but 
Micrasters  are  very  numerous,  and  are  all  of  the  "  low-zonal  " 
M,  prcBcursor  type ;  they  are  associated  with  Echinocarya  acutatus, 
Rhynchxmdla  plicatilis,  Rh.  reedensisy  Terabratula  canvea,  etc. 
These  beds  probably  belong  to  the  upper  part  of  the  Hddster 
planus  zone. 

Parts  of  the  two  lower  zones  are  exposed  also  in  the  quarry  on 
Duncton  Hill,  about  two-thirds  of  a  mile  south-west  of  Duncto/i 
church.  Mr.  Reid  foimd  the  lower  part  obscured  by  talus,  but 
the  face  above  this  exposed  about  2  feet  of  hard  nodular  chalk, 
surmoimted  by  20  feet  of  chalk,  with  many  flints,  which  are  grey 
inside.  This  probably  includes  the  junction  of  the  zones  of  H. 
planus  and  M,  cortestudiiwriuw , 

We  are  indebted  to  Mr.  11.  M.  Brvdone,  F.G.S.,  for  the  follow- 
ing list  of  fossils  which  he  has  found  in  this  quaiTy  :— 


Ostrea  vesicularis. 
Exogyra  haliotoidea. 
Inoceramus  sp. 
Plicatula  Barroisi. 
Terebratula  semiglobosa. 
Bhynchonella  plicatilis. 

reedensis. 


»> 


Cidaris  davigera. 
CyphoBoma  sp. 
Echinocorys  gibbus. 
Holaster  planus. 
Micraster  sp. , 
Pentacrinus. . 


The  lower  part  of  the  zone  of  M,  coranguinum  and  its  junction 
with  that  of  M.  cartestudinarium  are  exposed  in  the  large  quarry 
south-west  of  Houghton.  The  section  here  was  taken  by  Mr. 
Hill  in  1897,  and  is  as  follows : — 
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Chalk  with  layers  of  flints  (inaccessible)     - 
Seam  of  flint,  nearly  continuous,  but  breaking 

here  and  there  into  nodules     -       -       -       -      0     2 
Bather  hard  white  chalk  with  scattered  flints, 

yielded  a  typical  Micrtuter  coranguinum  and 

JSchinocorys  scuiatus         -       -       -        -        -     10    0 

Continuous  seam  of  flint 0    3 

Rather  soft  white  chalk  with  a  few  scattered  flints 

near  the  base 50 

Soft  mealy  chalk,  with  lumps  of  hard  yellowish 

compact  chalk,  with   Micraster  prascursor  and 

other  fossils      -------16 

Thin  seam  of  marl 01 

A  massive  bed  of  firm  white  chalk,  with  a  few 

scattered  flints  near  the  base    -        *        ^       -      3    Q 
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Ft,     in, 
dve  bed  of  rough  lumpy  chalk,  hard  creamy 
yellow  lumps  cemented  together  in  a  matrix 
of  lighter  colour,  the  whole  course  being  hard 

(Continuous  seam  of  flint 

Hard  white  chalk  veined  with  grey   -       -       - 
A  conspicuous  layer  of  large  flints    -       -       - 
Smooth  and  firm  white  chalk,  rather  broken  up 
where  measurements  were  taken,  forming  a 
sort  of  ledge  in  this  part  of  the  quarry  - 
Massive  firm  white  chalk  without  flints    - 
Massive  firm  white  chalk,  with  flints  both  scat- 
tered and  in  layers  ;  no  fossils  seen        about 

About 134     0 

Owing  to  the  acarcity  of  fossils  the  exact  limit-plane  between 
the  zones  cannot  be  determined,  and  it  is  possible  that  it  should 
be  taken  rather  higher  up  than  we  have  placed  it.  Micrasters 
taken  from  the  18  inches  of  soft  mealy  chalk  are  all  of  the  pr^- 
cursar  group  and  are  such  as  would  occm*  about  the  horizon  of 
passage  trom  one  zone  to  the  other,  and  the  other  fossils  (see  p.  55) 
do  not  include  any  special  zonal  guide. 

Other  pits  to  the  southward  show  white  chalk  with  layers  of 
black  flints,  featureless,  but  unquestionably  belonging  to  the 
zone  of  M,  coranguinum.  From  one  half  a  mile  west  of  South 
Stoke  Mr.  Rhodes  obtained  Septifer  lineaius,  Micraster  coran- 
guxRum,  and  Ventriculites  cribrosus. 

A  large  quarry  at  the  back  of  the  Black  Rabbit  Inn  appears  to 
show  the  junction  of  the  M.  coranguinum  and  Marsupites  zones. 
Mr.  Hill  reports  that  the  lower  60  or  70  feet  here  exposed  consists 
of  firm  chalk  with  many  layers  of  black  flints  ;  the  upper  50  feet 
shows  soft  chalk  with  few  flints ;  only  a  few  sparsely  scattered 
nodules  or  in  Unes  at  distant  intervals. 

Similar  chalk  with  few  flints  is  seen  in  the  river-cliff  at  Burpham, 
on  the  eastern  side  of  the  valley.  This  was  searched  by  Mr.  Rhodes, 
who  found  Marsupites  and  Terebratvlina  Rowei  in  a  band,  which  is 
first  seen  about  50  feet  above  the  river,  but  comes  down  to  the 
water-level  further  south,  and  thus  definitely  fixes  the  position  of 
the  Marsupites  zone  at  this  place.  About  15  feet  above  this  band 
he  found  a  bed  of  oysters  like  that  at  Burwells  Farm,  Lancing. 
Near  the  top  of  the  cliff  he  noticed  a  layer  of  lumpy  yellow-stained 
chalk,  containing  some  Serpulw,  Bryozoa,  and  decomposed  Sponges. 

The  section  is  continued  in  a  pit  by  the  high  road  W.N.W.  of 
Warning  Camp  Hill,  of  which  Mr.  Rhodes  sends  me  the  following 
note  : — "  About  10  feet  above  the  floor  of  the  pit  is  a  bed  of  stained 
chalk,  containing  rotted  sponges,  Serpula,  and  a  layer  of  flint 
nodules,  which  seems  to  be  the  same  as  that  seen  at  the  top  of 
Burpham  dift*.  Above  this  is  chalk  with  few  flints,  and  about 
22  feet  above  the  floor  is  a  4-inch  layer  of  marl,  succeeded  by 
chalk  with  marly  layers,  for  12  feet,  in  which  Of  aster  pillula  is 
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Gommon.  This  may  be  r^arded  as  the  base  of  the  Actinocamax 
qnadratus  zone.  The  larjjje  pit  on  Warning  Camp  Hill  shows 
chalk  with  some  thin  flint  floors  and  frequent  layers  of  flint 
nodules,  and  is  probably  in  the  Act.  quadratus  zone,  though  its 
base  may  be  in  the  lower  zone,  as  Mr.  Rhodes  found  a  Marsupites- 
plate  here.  By  the  side  of  a  small  stream  west  of  Arundel  is  a 
pit  in  chalk  with  layers  of  black  flints,  probably  in  the  zone 
of  Act.  quadratiL8,  though  no  Bdemnite  was  found. 

The  following  is  a  Ust  of  fossils  obtained  by  Mr.  Rhodes  from 
the  quarries  above  mentioned  : — 
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Lima  Hoperi,  Sow.  -       -       -       - 
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X 
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— 

— 
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„      aemisulcata,  iSou;    - 

X 

— 
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— 
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Ostrea    acutirostriB,    Nilss.    - 

— 
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X 
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— 
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„        striatus  1  Sow. 
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X 
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Kscharina  sp 

Idmonea  sp. 

Pustulipora    (Hammia)    pustiiloeo, 

Semieschara  sp.-       .... 

Annelida. 
Serpula  ampullacea,  Souh 

plexus,  Sow,      .       .       . 
pusilla,    Sow.     .       .       - 
turlnnella,  Sow.  -       -       - 
Terebella  lewesiensis,   Davies^ 

Echinoderniata. 
Bourgueticrinus   ellipticus,     Goldf. 
Cidaris  (spines)       .       -        -        - 
Echioocorys  scutatus,  Leske   - 

Gkklerites  sp. 

Qoniaster  (ossicles)  -       -       •       - 
Holaster  planus,  Afant    -       .       - 
Marsupites  testudinarius,  Schloth.  - 
Micraster  coranguinum,  Klein 
„         oortestudinarium,  Ooldf 
„         prsecursoTy  Eoiae     - 
OfTaster   pillula,    Lam.  -       -       - 

Parasmilia  sp. 

Spongida. 
Callodictyon  sp.        .       -       .       - 
Porosphsera  ^obularis,  Phil.- 
„  urceolata,  PAt7.- 

„  Woodwardi,    Carter  - 

Plsusotrema  cretaceum,  Hinde 
Ventriculites  cribrosus,  Phil. 

„         impressus,  T.  Smith   - 
„         sp.         .       .       -       - 
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A  boring  recently  made  at  Goodwood  has  traversed  the  Chalk  for  a 
depth  of  1,012  feet  without  quite  reaching  its  base.  Details  are  given  by 
Mr.  C.  Rcid  in  a  memoir  on  '*  The  Geology  of  the  Country  near  Chiches- 
ter/' 1903,  p.  31. 
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CHAFTER  V. 

THE   UPPER    CHALK   IN   SOUTH    AND    CENTRAL 

HAMPSHIRE. 

General  Descriition. 

Under  this  head  we  shall  describe  what  is  known  with  regard 
to  the  zones  of  the  Upper  Chalk  in  that  part  of  Hampshire  which 
lies  south  of  a  line  drawn  midway  between  the  limits  of  the  Tertiary 
basins  of  London  and  Hampshire,  and  we  may  consider  such  a 
line  to  pass  through  the  towns  of  Andover  and  Micheldever. 

This  area  includes  the  prolongation  of  the  southern  axis  of  the 
great  Wealden  uplift,  the  anticline  which  runs  through  Peters- 
field  and  Winchester.  It  also  includes  an  axis  which  crosses  the 
valley  of  the  Test  near  Stockbridge,  which  was  first  discovered 
by  l^fessor  Ban*ois  in  187G  ;  this  anticline  may  be  a  j)rolongation 
of  the  first,  but  we  are  inclined  to  regard  it  as  a  separate  suljsidiary 
axis,  setting  in  rather  to  the  north  of  the  point  wheie  the  Win- 
chester axis  appears  to  die  out. 

From  these  two  anticlines  the  beds  dip  gently  to  the  north, 
and  soon  l>ecoine  flattened  out  o;^er  the  central  ])art  of  the  broad 
area  of  the  Chalk ;  southwaids  the  dip  is  a  little  steeper,  and  is 
steadily  maintained  till  the  higher  zones  are  carried  beneath  the 
main  boundary  of  the  Eocene  series. 

Further  south,  and  within  the  Eocene  area,  there  is  another 
important  anticlinal  uplift,  that  of  the  Portsdown  and  Chichester 
anticline,  which  brings  the  highest  zones  of  the  Chalk  up  to  the 
surface  along  an  area  about  two  miles  in  breadth  to  the  north  of 
I'ortsmouth  and  Chichester  harbours. 

The  chalk  of  the  soutliern  part  of  Hampshire  is,  of  course,  a 
continuation  of  that  of  Sussex,  and,  so  far  as  we  know,  the  several 
zones  present  the  same  general  characters  in  Hants  as  they  do 
in  Sussex.  Apart  from  the  special  abundance  or  restriction  of 
certain  species  of  fossils  by  which  the  zones  may  be  recognised, 
they  are  also  distinguishable  to  a  certain  extent  by  the  charactei^s 
and  relative  abundance  of  the  flints  which  they  contain.  Thus, 
those  in  the  two  lowest  zones  are  generally  solid  and  dark 
grey  inside,  this  grey  flint  often  blending  gradually  into  a 
white  crust.  The  zone  of  Micraster  coranguinum  contains  a 
larger  quantity  of  flints  per  cubic  yard  than  any  other  part  of  the 
Chalk ;  the  layei-s  are  nearer  togetlier  and  the  flints  are  often 
large,  and  frequently  of  a  reddish  or  brownish  colour,  but  often 
cavernous,  and  enclosing  remains  of  Sponges  and  of  Bryozoa. 
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The  zone  of  Marsupites  presents  a  great  contrast  in  having  but 
few  flints,  either  scattered  or  arranged  along  planes  at  distant 
vertical  intervals,  and  occurring  but  sparsely  even  along  such  a 
plane.  In  the  zone  of  Actinocamax  quadratus  flints  become  more 
abundant  again,  but  there  is  generally  from  3  to  6  feet,  and  some- 
times as  much  as  10  or  12  feet  of  chalk  between  the  layers  of 
flints ;  moreover,  the  flints  are  generally  small,  or  rather  small, 
solid  and  black  inside,  with  a  moderately  thick  white  crust  or  rind, 
which  is  often  stained  yellow  on  the  outside.  In  the  zone  of 
lidemnitdla  mucronata  flints  occur  in  layers  at  still  more  frequent 
intervals,  but  they  are  generally  small,  rounded,  and  have  only  a 
thin  white  crust. 

No  precise  estimates  have  yet  been  made  of  the  thickness  of 

the  several  zones,  but  Mr.  Ch.  GriflBith,  of  Winchester  College,  to 

whom  I  am  indebted  for  much  information  respecting  the  Chalk 

of  Hampshire,  agrees  with  me  in  thinking  that  the  following 

estimates  are  approximately  correct:— 

Zone  of  Bel.  mucronata    -       -       -  about   80  feet. 

„       Act.  quadratus    -       -  -    200    „    or  more. 

„      Marsupites  -  -  -    150    „ 

Micr.  coranguinum     -  -    200    „    or  more; 

„    cortest.    and  H.  planus  50  to  60  feet. 

from   680  to  700  feet. 

Owing  to  the  irregular  outcrop  of  the  beds,  it  will  be  convenient 
to  describe  the  exposures  in  separate  areas  from  east  to  west. 

1.  Outcrops  near  Alton  and  Petersfield,  with  Inuer 

of  portsdown. 

The  zone  of  Holaster  planus  is  believed  to  pass  from 

Sussex  into  Hampshire  on  Butser  Hill,  south  of  Ramsdean  and 
Peterafield.  Thence  a  line  for  the  representative  of  the  Chalk 
Bock  has  teen  drawn  westward  along  the  sunmiit  of  the  downs 
that  form  the  southern  border  of  the  Meon  valley  to  Combe, 
and  thence  for  some  distance  down  the  valley  which  opens  west- 
ward from  that  place.  Returning,  it  passes  by  Drayton,  north- 
west of  East  Meon,  and  thence  eastwaixl  to  Bordean  and  Froxfield, 
whence  it  runs  north-westward  again  in  an  irregular  manner. 

But  my  colleague,  Mr.  Hawkins,  informs  me  that  there  are  no 
good  sections  in  this  district,  and  that  he  found  no  exposures  of 
Chalk  Rock  or  hard  nodular  chalk,  so  that  the  line  engiaved  on 
the  new  one-inch  map  of  the  Geological  Survey  is  merely  an 
approximate  boundary  drawn  below  all  exposures  of  the  **  chalk 
with  many  flints." 

More  recently  Mr.  C.  Griffith  has  found  the  chalk  with  Uol. 
vlanua  exposed,  in  a  chalk-pit,  near  Becksteddle  Farm,  south  of 
East  Tisted,  and  again  in  a  cutting  on  the  new  railway  line 
nearly  3  miles  N.W.  of  Alton. 
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Higher  Zones.  —Along  the  coutiiiuation  of  the  South  Dowim 
into  Hampshire  there  are  occasional  exposures  of  chalk  with  nuiny 
flints,  which  probably  belong  to  the  zone  olMicraster  coranguinvm. 

The  only  zonal  identification  of  any  exposure  in  this  district, 
hoivevei*,  is  that  of  a  small  quarry  near  Clanfield,  about  5  miles 
30uth-we3t  of  Petersfield,  where  Messrs.  Griffith  and  Brydono 
have  found  Ifar^u/ntes-plates  and  about  thirty  other  species  of 
fossils,  a  list  of  which  they  have  kindly  placed  at  my  dis})osal 
(see  p.  63).  The  chalk  is  soft  white,  and  contains  many  soUd 
black  flints  scattered  through  it,  but  not  in  layei-s. 

The  zone  of  Actinocamax  quadratus  comes  on  further  to  the 
south,  and  was  identified  by  Professor  Barrois,  who  remarks : 
*'  Many  quarries  are  open  at  Seberton,  the  chalk  dipping  at  5°  to 
the  south,  and  containing  many  black  flints,  rather  large  and  oi 
rounded  shapes.  At  Inklefield  Farm  a  quarry  shows  chalk  in 
contact  with  the  Eocene,  with  very  many  flints  in  regular  layers 
about  5  feet  apart ;  they  are  rounded  and  black  throughout. 
Echinocorys  ovatus  is  abundant,  and  I  also  found  Spondylus  latvs.** 

It  is  very  probable  that  this  chalk  at  Inklefield  belongs  to  the 
zone  of  Belemnitella  mucronata,  for  though  that  has  not  yet  been 
recognised  as  existing  along  this  part  of  the  Eocene  border,  still 
it  is  found  in  the  Portsdown  inlier  to  the  southward. 

The  Portsdown  inlier  extends  from  the  south  of  Havant 
to  tthe  north  of  Fareham,  and  is  a  tract  of  chalk  brought 
up  within  the  Eocene  area  by  an  anticlinal  axis.  The 
zone  of  Belemnitella  mucronata  was  recognised  here  by 
Professor  Barrois,  and  the  following  is  a  translation  of  hip 
account  of  the  district  :  —  **  There  is  first  a  series  of  quarries  at 
the  base  [of  the  hills]  by  Bedhampton,  Farlington,  Cosham.  and 
Paul's  Grove,  in  which  flints  are  either  few  or  entirely  absent. 
Where  there  are  few  flints,  as  at  Paul's  Grove,  the  chalk  is  identical 
with  that  of  Margate,  lx)th  in  its  mineralogical  characters  and  in 
its  fauna.  These  quarries  show  a  thickness  of  about  160  feet  of 
chalk  belonging  to  the  zone  of  Marsupites,  In  that  at  Farlington, 
as  well  as  at  the  bottom  of  the  large  quarry  at  Paul's  Grove,  there 
is  a  yellow  nodular  band,  which  is  possibly  the  same  as  that  seen 
at  Eottingdean  (near  Brighton)  ....  At  the  top  of  the  hills 
the  chalk  contains  many  flints ;  it  can  be  examined  near  Bed- 
hampton, Belmont  Castle,  and  especially  in  the  ditches  of  the 
forts  which  have  been  constructed  on  these  heights— Fort  Nelson 
and  Farlington  Fort ;  at  the  latter  the  beds  dip  northward.  At 
12"  flints  are  numerous,  rounded,  black  with  a  thin  white  rind, 
and  some  are  hollow  ....  About  60  feet  of  such  chalk  is  visible, 
and  it  belongs  to  the  zone  d,  Belemnitelles  (niveau  de  Meudon), 
The  Cardiaster  Hiberti  and  Belemnitella  rmicronata  which  I 
found  are  quite  characteristic."    ("  Eecherches,"  p.  34). 

It  is  only  necessary  to  remark  that  the  lower  zone  referred  to  is 
that  of  Actinocamax   quadratus  and   not    that    of   Marsujntes, 
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and  that  the  remark  that  it  is  identical  with  the  Margate  Chalk  is 
not  quite  correct. 

2.  Winchester  District. 

The  zone  of  Holaster  planus  is  exposed  at  several  places 
near  Winchester.  The  junction  of  the  zones  of  Terdn'otvlina 
and  Holaster  planvs  was  formerly  well  expotJed  in  a  large  old 
quarry  on  the  western  side  of  Twyford  Down,  but  Mr.  Griffith 
informs  me  that  a  large  part  of  this  is  now  obscured  by  talus,  and 
only  small  exposures  exist  at  the  top  and  bottom  of  the  pit. 

Fortunately,  however,  Prof.  Barrois  found  the  section  fairly  clear 
when  he  was  in  England,  and  has  recorded  it  on  p.  41  of  his 
"  Recherches."  He  says  the  dip  observable  here  was  8*  to  the 
south,  and  the  following  is  a  translation  of  his  account,  read  in 
descending  order  :— 

Ft  in. 

9.  Chalk  with  layers  of  flints,  which  are  generally 

cavernous.  Inocerami  with  thick  shells         -        -     13     0 
'  8.  Nodular  chalk  with  numerous  flints,  partly  covered 

by  talus,  Micraster  cortestudinarium  -        -        -     33     0 
7.  Nodular     white     chalk,    with     Holaster    planus, 
Micr osier  breviporus,  Rhynch.  Cutneri,  Spondylus 
spinosuSy  etc.        -------66 

(6.  Layer  of  grey  clay      -------Oli 

5.  Very  nodular  chalk  -        -        -        -       -        -130 

4.  Layer  of  yellow  nodules  in  white  chalk       -        -        -      0     8 
3.  Compact     white     chalk,      Terebratulina      gracilis 

[]  var,  lata"] -08 

2.  Band  of  soft  marl    -        -  -        -        -        -        -06 

1.  Compact  white  chalk,  with  bands  of  marl,  a  few 

scattered  black  flints  -       -       -       -       -       -13     0 


S  . 

"s  o 
tl3 


e 
•§ 
•3® 

Is 


About    80    0 

Prof.  Barrois  does  not  indicate  any  zonal  limits,  and  the  brackets 
are  consequently  my  own,  the  base  of  the  if.  planus  zone  being 
placed  where  that  species  and  Micrasters  first  become  common 
fossils.  No.  9  may  belong  to  the  overl3dng  zone,  to  which  Prof. 
Barrois  refers  the  beds  seen  in  an  adjoining  quarry  by  the  side  of 
the  road  a  little  further  south.  He  describes  the  chalk  in  this  pit 
as  hard  and  nodular,  containing  brownish-black  flints  of  irregular 
shapes,  and  the  following  fossils :  Micraster  cortestudinarium, 
M.  breviporus  ?,  Holaster  placenta.  Of  this  quarry  Mr.  Griffith 
writes  :— '*  The  chalk  is  gritty  and  rather  soft  when  wet,  much 
harder  when  dry,  so  that  fossils  are  otfen  difficult  to  clean.  The 
pit  has  been  continuously  worked  and  well  searched  for  fossils, 
and  has  consequently  yielded  a  long  list  of  species  with  some  of  the 
rarest  forms.  Casts  of  Cephalopoda  and  Gasteropoda  are  fairly 
conmion  at  times."  He  considers  the  chalk  to  be  part  of  the  zone 
of  Holaster  planus. 
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This  zone  is  also  exposed  in  a  quarry  by  the  i-ailway  crossing  at 
St.  Cross,  which  has  yielded  a  few  of  the  usual  fossils. 

Mr.  Griffith  considers  it  doubtful  whether  any  definite  7X)ne 
of  Micraster  cortestudinarium  can  ]ye  distinguished  in  the  Win- 
chester district,  but  specimens  apparently  referable  to  this  sj)ecies 
were  found  in  the  tunnel  under  St.  Giles's  Hill,  and  in  the  cutting 
at  the  northern  entrance  to  the  tunnel,  which  he  believes  to  be 
in  the  base  of  the  M.  coranguinum  zone. 

The  zone  of  M.  coranguinum  is  shown  in  pits  near  Alresford, 
Ovington,  Itchen  Abbas,  Chilland,  Martyr-Wortley,  and  Easton, 
Professor  Barrois  remarks  that  in  all  these  quarries  the  dip  is  to  the 
north,  that  flints  are  numerous,  brownish  and  Ijanded  (zones), 
occurring  in  layers  at  distances  of  3  to  6  feet  apart,  and  that  speci- 
mens of  Micrdster  coranguinum  are  abundant  and  well  presen-ed.  ♦ 

To  Mr.  C.  Griffith,  of  Winchester  College,  and  to  Mr.  R.  M. 
Brydone,  F.G.S.,  I  am  indebted  for  the  following  particulars  :  — 
The  chalk  of  the  railway  cutting  near  Headbourne  Worthy  prol)- 
ably  belongs  to  the  Af ,  coranguinum  zone.  The  record  of  Marsuintes 
there  is  based  on  a  single  plate  found  many  yeara  ago  by  the  Rev. 
A.  B.  Burnett,  but  neither  Mr.  Griffith  nor  Mr.  Brydone  have 
ever  found  one, and  the  latter  writes:  **The  relative  abundance 
of  Gulerites  and  Cidaris  would  lead  me  to  refer  it  to  the  M.  coran- 
guinum zone.'*  The  base  of  the  zone  is  exposed  in  a  cutting  beyond 
the  northern  end  of  St.  Giles'  Hill  tunnel,  where  the  dip  is  about 
GJ*  north.  Higher  beds  are  seen  in  the  next  cutting  to  the  north 
and  in  quarries  north-east  of  Winnal,  from  which  many  fossils 
have  been  obtained  by  the  members  of  the  Natural  History  Society 
of  Winchester  College. 

A  littlo  further  to  the  north-east  are  two  other  quarries,  one 
south  and  the  other  west  of  the  village  of  Easton.  Of  that  to 
the  south  Mr.  Griffith  writes : — "  The  chalk  is  soft ;  flints  are 
numerous,  both  scattered  and  in  layers;  they  are  of  various  sizes 
and  shapes,  the  interior  black,  the  outer  skin  fairly  thick  to  thin, 
white,  but  sometimes  showing  a  pinkish  tingo.  At  the  south  end 
of  the  pit  is  a  large  sand-pipe  filled  with  clayey  gravel.  Fossils 
are  less  numerous  than  at  Winnal." 

There  seem  to  be  no  exposures  of  the  M.  coranguinum  zone  on 
the  southern  side  of  the  Winchester  anticline.  Professor  Barrois 
referred  the  chalk  seen  to  the  south  of  Compton  to  this  zone,  but 
as  the  Winchester  collectors  have  found  that  Off  aster  pillvla  is 
the  most  abundant  fossil  in  the  pit  and  road-cutting,  which  are 
the  only  exposures  there,  this  chalk  cannot  be  older  than  the 
MarsupUes  zone,  and  most  probably  belongs  to  the  zone  of  Act. 
quadratv^. 

The  Marsupites  zone. — According  to  Professor  Barrois,  the 
chalk  of  this  zone  completely  surrounds  the  Winchester  uplift, 
and  he  may  be  correct.    It  is  certainly  present  on  the  western 

*  Recherches  sur  le  Terr.  Cr^t.  Sup.,  1876,  p.  39. 
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and  eastern  sides,  and  probably  on  the  sciiUiem,  but  it  is  doubtful 
whether  it  comes  in  on  the  northern  side  between  Winchester 
and  Micheldever.  To  the  south  of  Winchester  it  should  come  in 
somewhere  near  Compton,  but  there  seems  little  space  for  it  and 
the  Af .  coranguinum  zone  as  well,  nor  have  any  A/arswpifes-plates 
yet  been  foimd  at  any  of  the  exposures  near  that  village.  Possibly 
there  is  a  line  of  fault  across  the  valley  there. 

East  of  Winchester,  and  near  Alresford,  there  are  several  ex- 
posures in  this  zone.  It  is  seen  in  the  railway  cutting  at  Alresford, 
in  that  at  Eopley,  and  in  two  pits  on  the  road  from  that  place  to 
Petersfield,  nearly  three  miles  south-east  of  Eopley  Chiirch.  Mr. 
Griffith  writes  that  the  chalk  in  these  sections  is  soft,  and  contains 
many  scattered  flints,  which  are  soUd  and  black  inside,  but  have 
thick  white  rinds  or  crusts,  the  outside  surface  being  often  of  a 
yellow  colour.  Plates  of  Marsupites  are  common,  together  with 
the  pyramidal  variety  of  Echinacorys  scutatvs,  and  the  short  thick 
barrel-shaped  variety  of  Bourgueticrirms,  both  of  which  are 
especially  characteristic  of  this  zone  in  Hampshire. 

The  zone  of  Actinocamax  quadratus  forms  a  broad 
band  along  the  northern  border  of  the  Eocene  area  south  and 
south-west  of  Winchester,  and  is  exposed  in  pits  at  Shawford, 
near  Twyford,  Hensting  Farm,  and  Marwell  road,  and  in  three 
pits  at  Hursley.  My  informant,  Mr.  Griffith,  describes  the  chalk 
seen  in  these  pits  as  soft  and  white,  massive  where  unweathered, 
with  manv  flints,  both  scattered  and  in  lavers,  at  distances  of 
3  or  4  feet  apart. 

North-east  of  Winchester  Mr.  Griffith  has  found  it  at  Lyeway, 
near  Ropley,  but  nowhere  else  in  a  northern  direction  within 
the  limits  of  the  area  we  are  now  dealing  with.  It  has  a  wide 
extension  in  the  more  northern  part  of  Hampshire. 

■ 

The  zone  of  Belemnitella  mucronata  may  also  emerge  in 
places  along  the  border  of  the  Eocene  tract,  though  the  evidence 
for  it  so  doing  is  not  at  present  very  strong.  Mr.  Griffith  com- 
municates the  following  facts  regarding  its  occurrence.  A  speci- 
men of  Bd,  mucrorvata  was  found  recently  (February,  1898)  in  a 
pit  on  the  western  side  of  the  railway  at  Shawford.  Again,  at 
Bishops  Waltham  in  a  pit  by  the  gas  works  there  is  chalk,  with 
many  very  thin-skinned  flints,  which  has  yielded  Magas  pumUus, 
a  fossil  which  rarely  occurs  below  the  zone  of  Bel.  mucronata  in 
Hampshire. 

There  can,  of  course,  be  no  doubt  that  the  zone  of  Bel,  mucronata 
exists  beneath  the  Eocene  area,  since  it  is  present  at  Portsdown 
and  also  near  Salisbury,  as  will  be  presently  shown  ;  it  is  conse- 
quently merefy  a  question  whether  its  outcrop  is  continuous 
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round  the  border  of  the   Eocene   Beds   or  whether  these  latter 
overlap  in  places  so  as  to  rest  on  the  lower  zone  of  Act.  gvadraivs. 

3.    Stockbridge  and  the  Valley  of  Tkst. 

Professor  Barrois  was  the  first  to  point  out  that  the  two  main 

anticlinal  axes  of  the  Wealden  uplift  were  prolonged  through  the 

Chalk  plateau  of  Hampshire.    In  descending  the  valley  of  the 

Test  he  discovered  that  the  base  of  the  Upper  Chalk  was  brought 

up  by  an  anticlinal  flexure  near  Stockbridge,  and  he  inferred 

that  this  was  a  continuation  of  the  Winchester  axis.*  Not  having 

been  able  to  visit  this  country  ourselves,  we  cannot  do  more  than 

give  a  translation  of  Professor  Barrois*  account.    He  says :  "  To 

the  south  of  Whitchurch  and  Andover  the  general  inclination 

of  the  beds  becomes  northerly,  so  that  the  zone  of  M.  coranguinum 

soon  makes  its  appearance  in  this  direction.    The  heights  [alx)ve 

the  valley]  consist  of  the  MarsupUes  chalk,  but  at  the  level  of  the 

river  Test  at  Middleton,  near  the  farm  of  South  Side,  is  a  quari*y 

which  I  refer  to  the  zone  of  M,  coranguinum.     The  section  is  as 

follows  :— 

Ft.  in. 
4.  White  chalk  without  flints,  resting  on  the  indurated 

surface  of  that  below 30 

3.  Chalk  with  numerous  layers  of  flints,  which  are  hollow 
and  full  of  sponge  spicules,  M.  coranguinum^  Echino- 
conus  conicus,  and  other  fossils        -        -        -        -     10     G 
2.  Thick  continuous  seam  or  floor  of  fiint  -        -        -        -      0     :> 
1.  Chalk  forming  the  floor  of  the  quarry. 

"  To  the  South  of  Middleton,  by  Drayton  and  Van  D}  ke,  the 
flints  are  banded  (zones)  and  in  regular  layers.  The  river  Anton 
traverses  the  same  beds,  and  a  quarry  at  C!ottonworth  shows  the 
M.  coranguinum  chalk  dipping  north  at  6°. 

"  At  Kilecombe  Bridge  is  a  large  quarry  in  soft  white  chalk 
with  layers  of  flints  from  2  to  3  feet  apart,  but  poor  in  fossils ; 
similar  chalk  continues  as  far  as  Leckford 

"  Near  the  bridge  over  the  railway  at  Longstock  the  chalk  is  soft 
and  homogeneous,  with  many  flints,  small,  black,  and  scattered ; 
it  is  divided  into  beds  about  18  inches  thick  either  by  flint  layers 
or  by  seams  of  marl,  and  dips  at  2*  to  the  north ;  Micraster  coran- 
guinum, Inoceramus  involutus,  Rhynckonella  plicxitilis  occur. 
Above  Longstock  there  is  chalk  with  many  flints  in  layers  about 
a  foot  apart  ....  separated  into  beds  by  layers  of  marl ;  frag- 
ments of  large  Inocerami  abound  in  this  quarry,  forming  con- 
tinuous layers.    This  chalk  may  also  belong  to  the  M.  coranguinum 


zone." 


Nearer  Stockbridge,  however,  he  found  chalk  with  Micraster 
cortestudinariumiy  and  south  of  that  place  nodular  chalk  with 

•Recherches,  1876,  p.  52.    As  already  stated,  however,  it  may  be  an 
independent  axis. 
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Holdster  planus  and  Scaphites  Geinitzi,  but  both  thes3  species 
appear  to  be  rare,  and  Messrs.  Griffith  and  Brydone  are  inclined 
to  consider  this  exposure  to  be  in  the  zone  of  M,  cortestudinarium. 
Nothing  is  visible  which  can  be  called  "  Chalk  Rock."  At  Marsh 
Court  Farm  is  a  quarry  which  Professor  Barrois  describes  as 
showing  the  junction  of  the  zones  of  M,  cortesttuiiaarium  and  M. 
coranguinum,  but  this  supposition  appears  to  be  based  mainly  on 
the  occurrence  of  a  marked  plane  of  division  below  the  marly 
seam.    The  section  he  gives  is  as  follows :  — 

Feet. 
White  chalk,  with   irregular  layers  of  hollow  black  flints, 

M.  coranguinum -•20 

Seam  of  1  ight  grey  marl. 

Chalk  with  solid  black  flints,  its  upper  surface  worn  and 

indurated ? 

As  Hoopers  Bottom  Farm  is  another  pit,  which  he  referred  to 
the  upper  part  of  the  M.  coranguinum  zone,  and  at  Park  House 
Farm  he  saw  chalk  with  few  flints  dipping  at  about  8"  to  the  south, 
and  referable  to  the  Marsupites  zone,  and  from  it  he  obtained 
Marsupites  testvdinariuSy  Galerites  albogalervs,  Echinocorys  gibhus, 
and  Bourgueticrinus  ellipticus.  This  exposure  Mr.  Griffith  has 
not  been  able  to  find. 

•*The  last  exposures,"  writes  Professor  Barrois,  "are  just 
below  the  Tertiaries  near  Mottisfont  Station ;  in  these  fine  quanies 
the  dip  is  3*  to  the  south ;  the  chalk  is  soft  and  white  vnih  few 
flints  in  the  lower  50  feet,  but  in  the  upper  50  feet  flints  are  more 
numerous  in  layers,  light  grey  and  sUghtly  banded."  From 
these  pits  he  obtained  Inoceravms  lingua^  Pecten  cretostLs  and 
Offaster  pUlvla,  and  there  can  be  Uttiie  doubt  that  the  upper 
beds  are  what  we  now  refer  to  the  zone  of  Actinocanuix  guadratus.  * 

Fossils  from  the  Upper  Chalk  in  the  South  and  Central 

Parts  op  Hampshire. 

For  the  following  list  of  fossils  I  am  indebted  almost  entirely 
to  the  researches  of  Mr.  Ch.  Griffith,  of  Winchester,  and  Mr. 
R.  M.  Brydone,  who  have  collected  carefully  from  all  the  moat 
accessible  exposures  in  the  central  part  of  Hampshire.  They 
have  furnished  me  with  lists  of  the  species  found  at  each  locality, 
and  it  is  from  these  lists  that  the  one  now  printed  has  been  drawn 
up.  Most  of  the  specimens  are  in  the  Museum  of  the  Winchester 
College  Natural  History  Society. 

Most  of  the  species  listed  under  the  head  of  Portsdown  are 
quoted  from  Professor  Barrois'  work  ("  Recherches  "  pp.  34  and  52). 

*Mr.  Griffith  informs  me  that  A.  granulatus  does  occur  iu  tjie  upper 
pari  of  the  quarry.    The  lower  part  is  obscured  by  talus, 
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Enchodua  lewpsienBis,  Mant. 
Lamna  appendicular,  Ag.  - 

Macropoma  sp. 

Oxyrhina    Mantelli,    Ag.     -        -        - 
Protoaphyriena    feroi,    Leidy      ■ 
Ptychodus   mamniiJlaris,    Ag. 

polygyrua,  Ag.    -        -        - 
Soapauorhynehus  rhaphiodon,  Ag. 
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Actinocamfti  gmnulatua,  Blainv.  - 
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Pleurotomaria  perspectiva,  Mant. 
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Lima   granoaa.    Sow.    - 
„     Hoperi,    Sow. 
„    lasviuBcuIa,  Sow.  - 

Ostrea  caualiculata,  Sow.    - 
„           „       var.    striata 
„     curvirostris,  iViIw.  - 
„     hippopodiura,     Nila. 
„     normaniana,  d'Orb.    - 
„     vesicularis,   Lam.      ■ 
„      wegmaouiana,    d'Orb. 
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Spoadytus  dulempleanua,  d'Orb. 
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I'ullicipes  glaber,  Roemcr 
„         Btriatua,  Dam: 

Scal^Uura  'foMuK    Dane.      ■ 
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„      annulata.    Rtati 
„      fluctuata,    Sow. 
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Ediinoidea. 
Cidaria  clavigera,   KOnig 

„      hirudo,  Sortg.      -        -        .        . 
„      BCeptrifera,    Mant. 
„      Bubvesiculosa,    tl.'Orb. 

Cyphosoraa  Kccnigi,  Mant.     - 
„          magnificum   1  Ag. 

„          spatuliferum,  Forbci     ■ 
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Echinocoryfl  Bcutatua,  Leike  - 
Epiaster  gibbuB,  Lam.     .       .       .       . 
Galerit«a  abbreviattia,   ftwr  -        ■        ■ 

„      albiealerua,  /,mAc    - 

„      globulus,    Detor 

.,         Bp.                    

Holaster  planus,  Mant.      -       -       .       - 
Micraatercoranguinum,  I.^ske 

„         corbovis,   Forbes 

„        cortestudinarium,  Goldf. 

Leakei,  Desm.     -      -       .        - 
Offaater  pillula,  Lam.        -      .       .        . 
Salcnia   geometrica,    Ag.  -      -       -        - 

„      granulosa,  Forbci 

„      minima,  Ag. 
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CHAPTER  VI. 

THE  UPPER  CHALK  IN  SOUTH  WILTSHIRE. 

General  DisscRirrioN. 

The  area  occupied  by  the  Upper  Chalk  in  South  Wiltshire  is 
shown  in  the  map  in  Volume  I.  of  this  Memoir,  p.  248,  whereon 
the  outcrop  of  the  Chalk  Rock  has  been  delineated.  It  will  be 
seen  that  this  is  an  extremely  irregular  line,  running  for  a  long 
distance  down  the  valley  of  the  Wily,  and  then  westward  till  it 
climbs  to  a  very  high  level  on  White  Sheet  Hill,  north  of  Met o. 
On  the  northern  side  of  the  vale  of  Wardour  the  continuity  of  the 
outcrop  is  broken  by  a  powerful  fault,  which  curves  south-eastward 
naar  Baverstock,  and  truncates  the  eastern  end  of  the  vale. 

On  the  south  side  of  the  Vale  of  Wardour  the  lower  beds  of  the 
Upper  Chalk  form  the  highest  part  of  the  ridge,  which  ends  in 
another  at  White  Sheet  Hill,  east  of  Shaftesbury,  a  ridge  which 
separates  the  Vale  of  Wardour  from  the  Vale  of  Broad  Chalk. 
The  structure  of  the  latter  is  clearly  shown  by  the  mapping  of  the 
Chalk  Rock,  and  is  proved  to  be  a  succession  of  dome-shaped  uplifts 
(three  or  four)  arranged  along  an  anticlinal  axis.  This  axis  is 
prolonged  eastward  across  the  valley  of  the  Avon,  and  is  continued 
in  the  tract  of  chalk  which  indents  the  boundary  of  the  Eocene 
north-east  of  Downton. 

From  this  anticlinal  axis  the  Upper  Chalk  dips  northward  under 
what  may  be  called  the  Salisbiu'y  syncline,  and  southward  into 
a  wider  main  syncline  of  the  Hampshire  basin. 

It  is  only  in  the  eastern  part  of  this  area,  near  Salisbury  and 
Downton,  that  any  great  thickness  of  Upper  Chalk  comes  in.  In 
most  other  parts  of  the  district  no  higher  zone  than  that  of  Micraster 
coranguinum  is  found.  In  describing  the  local  development  of  the 
several  zones  it  will  suffice  to  give  particulars  of  some  of  the  best 
exposures  of  the  lower  zones,  and  then  to  concentrate  our  atten- 
tion on  the  neighbourhood  of  Salisbury. 

In  South  Wiltshire  the  zone  of  Holaster  jjlaniLs  has  the  true 
Chalk  Rock  aspect,  always  containing  two  or  more  beds  of  hard 
compact  yellowish  limestone  with  layers  of  green-coated  nodules. 
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It  is  not  often,  however,  that  the  whole  of  the  Chalk  Bock  beds 
are  exposed  in  one  section,  and  a  visit  to  some  localities  might  lead 
the  observer  to  believe  that  there  were  only  a  few  feet  of  such  rocks 
More  complete  sections,  however,  show  that  the  harder  rock  beds 
often  pass  down  into  less  hard  and  more  nodular  chalk,  forming 
a  set  of  beds  which  are  from  12  to  16  feet  thick.  In  other  places 
the  group  expands  by  the  intercalation  of  separate  beds  of  lumpy 
chalk,  some  of  which  are  hard,  and  others  consist  of  hard  lumps  in 
soft  mealy  kind  of  chalk  ;  the  whole  group  is  then  from  20  to  26 
feet  thick,  always  having  a  hard  rock-bed  at  the  base  and  another 
at  the  top. 

Above  the  uppermost  bed  of  rocky  chalk  we  find  softer  but 
still  lumpy  chalk  containing  many  flints,  and  often  thin  seams 
of  flint,  while  there  are  no  fhnts  in  the  Chalk  Rock  beds.  These 
higher  beds  contain  Micraaters  of  the  cortestvdinarium  type,  and 
may  be  referred  to  the  zone  of  that  species,  but  other  fossils  are  few. 
There  are  few  good  exposures  of  this  zone,  and  its  upper  limit  has 
nowhere  been  satisfactorily  fixed,  but  it  is  supposed  to  be  40  or 
50  feet  thick  in  the  vallev  of  the  Wilv.* 

The  succeeding  zone  of  Micraster  coranguinum  is  as  usual  of 
considerable  thickness  (more  than  200  feet),  and  is  beUeved  to 
occupy  the  larger  part  of  the  surface  area  of  Salisbury  Plain ;  it 
also  occupies  some  space  west  of  Salisbury  and  north  of  the  Vale  of 
Wardour.  Its  lower  beds  contain  many  cavernous  flints,  often  of  a 
reddish  tinge  inside,  its  middle  part  black  flints  with  a  milky 
white  band»  and  the  upper  beds  grey  flints  with  a  thick  white  crust 
or  rind. 

^The  only  part  of  South  Wiltshire  in  which  the  higher  zones  of 
the  Upper  Chalk  have  been  carefully  studied  is  the  neighbourhood 
of  Salisbury.  Some  account  of  this  was  given  in  1876  byProfessor 
Barrois  (op.  cit.  pp.  54, 64).  Dr.  Blackmore  has  been  collecting  for 
many  years  from  all  the  quarries  within  a  radius  of  five  or  six  miles 
of  SaliJabury,  and  has  kindly  placed  the  results  of  his  labours  at  my 
disposal.  I  had  the  further  advantage  of  visiting  most  of  the 
exposures  near  Salisbury  xmder  his  guidance  in  1890.  It  is  from 
these  materials  that  the  following  account  of  the  upper  zones  has 
been  compiled. 

What  has  been  said  respecting  the  different  characters  of  the 
flints  in  the  successive  zones  of  Hampshire  (see  p.  57)  is  equally 
applicable  to  those  in  the  Upper  Chalk  of  Wiltshire,  and  special 
notice  of  the  flints  will  be  taken  in  the  following  pages. 

The  total  thickness  of  Upper  Chalk  exposed  in  this  district 
is  between   700  and  750  feet.    The  following  estimates  of  the 

*  This  area  was  examined  long  before  the  publication  of  Dr.  Rowe's  work 
on  the  genus  Miera$Ur\B,nd  no  attempt  has  yet  been  made  to  fix  the  limits 
of  the  lower  zones  in  Wiltshire  by  means  of  the  Micrasters. 
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thiokneflB  of  the  Beveral  zones  are  baaed  on  information  eom- 
municated  by  Dr.  Blackmore  :— 

Feet. 
Zone  of  BeL  mucronata         ....     about      100 

„     of  Act.  quadratus „  270 

„     of  Marsupites „  120 

n      of  M.  coranguinum     ....        ,,  240 

Zones  of  M.  cortestudinarium  and  H.  planus        „  70 


About      800 

The  facts  on  which  these  estimates  are  based  are  as  follows 
all  the  information  being  communicated  by  Dr.  Blackmore 
The  zone  of  Holdster  planus  is  seen  to  be  over  20  feet  thick  near 
Homington,  and  45  feet  is  probably  a  low  estimate  for  the  zone  of 
M,  cortestudinarium,  so  that  the  two  together  may  be  put  at  70  feet. 

The  quarry  on  Camp  Down,  between  the  valleys  of  the  Wily  and 
the  Avon,  is  230  feet  above  the  rivers ;  this  quarry  is  in  the  zone  of 
M.  coranguinum  and  the  beds  are  horizontal,  while  its  base  is 
probably  at  about  the  level  of  the  Avon  stream.  Hence  there  is  over 
230  feet  of  this  zone. 

The  thickness  of  the  Mar»v/pite8  zone  is  obtained  by  adding 
the  thicknesses  of  exposures  of  the  Marsupites  and  Uintacrinus 
bands  at  different  places. 

With  respect  to  the  A  ct.  quadratus  zone,  two  wells  have  been  sunk 
between  Harnham  Hill  and  the  river,  through  chalk  with  thin- 
skinned  flints^,  and  fossils  like  those  at  Highfield  (Marsupites  zone). 
From  the  top  of  the  wells  to  the  top  of  Harnham  Hill  is  170  feet. 

Again  N.E.  of  Salisbury,  the  fauna  of  the  Act  qvxidratus  zone 
occurs  at  a  level  of  260  feet,  and  there  is  no  sign  of  the  higher 
zone  on  the  adjoining  hiU,  which  rises  to  533  feet,  so  that  the 
thickness  here  seems  to  be  at  least  270ft. 

As  to  the  zone  of  Bd.  mucronata,  a  well  has  proved  63  feet  of  it, 
but  from  the  space  it  occupies  it  is  not  likely  to  exceed  100  feet. 

STRATIGRArmCAL  DETAILS. 

L  Chalk  Eock  and  Associated  Beds. 

There  are  many  old  quarries  in  the  Chalk  Bock  on  the  Downs 
to  the  east  and  south-east  of  Warminster.  In  the  large  quarry  on 
Warminster  Down  the  lower  rock  bed  (3J  feet),  and  12  to  15  feet 
of  the  overhing  lumpy  chalk  are  shown,  and  a  similar  section  is 
exposed  in  the  quarry  on  Clay  Hill,  the  outlier  to  the  westward. 
On  Boreham  Down,  2\  miles  north-east  of  Warminster,  certain 
beds  of  chalk-rock  have  been  quarried,  which  are  probably  the 
highest  in  the  group,  and  entirely  above  those  se^i  on  Warminster 
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Down.     Fig.  36,  is  a  sketch  of  this  quarry  as  seen  in  1889,  and  the 
folloinng  is  a  description  of  the  beds  :— 

Fl  in. 
Thin  soil  with  chalk  rubble  below    -       •       -       -      S    9 
5.  White  chalk,  rather  hard,  §plittiag  into  beds  with  a 
line  of  tbia  leaticular  fliats  and  a  layer  of  large 

flial  nbdules  at  the  base 3    0 

4.  Hard  chalk-rock  full  oi  green-coated  nodulea  and 

many  rough  Slut  nodules 0    6 

3.  Vet^y  hard,  compact,  cream-cold  limestone  (about  12 
inches),  passing  dowa  into  hard  nodular  chalk 
with  green  grainfl    -        -        -        -      in  ail  about      2     0 
2.  Hard  yellowish  clialk-rock,  with  green-coated  nodulee 

projecting  in  weathered  face  -        -        -        -       I     0 

1.  Very  hard  solid  rock,   passing    down  into  nodular 

chalk       -..-.,.  Been  for      2    0 


Fossils  are  rare,  and  the  beds  are  abnoat  horizontal. 


Fio.  3S. — View  of  Qoarry  on  Boreham  Down. 

The  Following  notes  are  contributed  by  Mr.  F.  J.  Bennett— 

A  quarry  west  of  Tinker's  Bam,  north  of  Heyteabury  Park, 
gives  a  similar  section,  showing  about  7  feet  of  white  rubbly  chalk 
with  flint  nodules  and  a  broken  seam  of  grey  flint,  overlying  hard 
cream-coloured  chalJc  rock  with  layers  of  green-coated  nodules, 
seen  for  5  feet. 

Another  section,  exposing  13  feetof  chalk  with  flints,  and  8  feet 
of  yellowish  rooky  beds,  can  be  seen  in  the  yard  of  a  bam  north  of 
Upton  Lovell. 

There  are  other  exposures  near  Codford,  Sherrington,  and  Wylye, 
but  the  most  complete  one  in  this  valley  is  the  quarry  at  Steeple 
lAim;fard,  about  360  yards  KN-E.  of  the  tdiurch.      I  am  indebted 
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to  the  Itev.  W.  R.  Andrews,  F.G.S.,  for  the  following  deecription 
sod  for  the  pboh^raph  from  which  Vi^.  36  has  been  drawn. 


Fir.  36.- 


View  of  Quarry  at  S 


e  Lang  ford. 


1  &  2.  Soft  wliite  rubbly  chiilk  with  a  few  scattered  black 

flints  and  a  layer  of  snch  flints  at  the  base  -        -        -  Ti  u 
^  ,3.  Very  hard  nodular    yellowish    limestone,  with  many 
a  I         green-coated  nodules,   passing  down  into  less  hard 

g  nodular  chalk  4  (» 

^j  J  4.  Similar  hard  limestone  with  nodular  chalk  below  -  4  (i 

.  Course  of  hard  rocky  chalk 10 

.  Bock  and  nodular  chalk,  like  No.  3     -        -        -        -  4  0 
_  ,  ..  Bock  as  before,  passing  down  into  less  hard  nodular 

(S  \        chalk  4  6 

8.  Thin  layer  of  grey  mari 0  3 

d.  Massive  whit«  chalk seen  for  6  0 

About     30     0 
Noa.   8   and   9  belong  to  the  Tcr^alulina   zone.    The    beda 
of  Chalk  Rock  here  have    a    total  thickness    of    18  feet  and 
probably  represent  the  whole  zone   of  H.  planvs  in  a  locally  con- 
centrated form. 

Mr.  Bennett  found  that  the  upper  part  of  the  Chalk  Eoek  was 
also  visible  in  the  river  cliff  about  a  quarter  of  a  mile  north-west  of 
Wiahford  church,  10  feet  of  the  rocky  beds  with  green-coated 
nodulee  being  overlain  by  12  feet  of  nodular  white  chalk  containing 
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five  layers  of  nodular  flints,  and  three  continuous  layers  or  flint 
floors.  These  12  feet  may  be  referred  to  the  zone  of  M. 
cortestvdvMirium. 

A  quarry  just  east  of  the  cross-roads  at  Stapleford  is  probably 
opened  in  the  latter  zone.  Mr.  Bennett  informs  me  that  it  is  about 
20  feet  deep,  and  combining  his  account  with  that  given  of  it  by 
Dr.  Barrois,  the  section,  now  much  talused,  appears  to  have  been  :— 

Feet. 
Hard-  white  chalk  with  a  few  black  flints  and  several  flint 
seams,    Cidaris    subvesictUoaa    and    Micrcuter  cortestudi" 

narium  i 10 

Hard  nodular  chalk  with  yellowish  stains    -       -       -       -      3 
White  chalk  with  flints,  both  nodules  and  continuous  floors, 
talused,  but  dug  for 7 

What  appears  to.  be  the  summit  of  this  zone,  and  its  junction 
with  that  of  M,  caranguinumy  is  exposed  in  a  quarry  at  the  north 
end  of  Wiahford ;  the  following  is  Dr.  Barrois'  account,  with  the 
thicknesses  corrected  by  Mr.  Bennett  :— 

Feet. 

Soft  white  chalk  with  many^  layers  of  flints  and  several  flint 
seams,  also  joints  filled  with  flint.  Echinocoryz  gibbus  and 
Micraster  coranguinum        -        -        -"-        -        -        -15 

Hard  yellowish  nodular  chalk ) 

Rather  hard  chalk  with  scattered  flints 6 

Chalk  which  may  be  in  or  at  the  top  of  the  same  zone  is  exposed 
also  in  the  valley  of  the  Avon  between  Lower  and  Upper  Woodford. 
At  Middle  Woodford  there  is  a  large  pit  which  has  been  described 
by  Dr.  Barrois  ("  Recherches,"  p.  53),  and  of  which  I  took  the 
following  notes  in  1890  :— 

Feet. 
Soft  white  chalk  with  many  layers  of  flint  nodules,  and  some 

large  masses  of  flint --24 

Hard  yellowish  nodular  chalk  with  marked  plane  of  division 

at  top    -  2 

Hard  yellowish  nodular  chalk,  with  nodular  upper  surface, 
enclosing  many  flints  of  irregular  shapes  and  often  hollow, 

with  Doryderma  ramosum'       -  ^ 2 

Scoter  white  chalk  with  niunerous  flints  and  a  seam  of  con- 
tinuous flint        .-.- 10 

The  beds  are  nearly  level,  with  a  slight  incUnation  to  the  south. 
Fossils  are  fairly  abundant,  and  from  the  nodular  beds  and  the  under- 
lying chalk  I  obtained  Micraster  preecursor,  Cidaris  davigera 
(spines),  Echinocorya  gibbus,  Terebratula  semiglobosa,  and  Rhyn- 
chondla  reedensis.  Mr.  Bennett  afterwards  obtained  a  specimen 
of  Cosdnopora  inftmdibuliformis.  It  is  possible  that  the  upper 
beds  may  belong  to  the  zone  of  Micraster  cora^nguinum,  in  which 
case  the  higher  bed  of  nodular  chalk  may  be  regarded  as  the  top 
of  the  zone  of  M.  cortestiLdinavium. 

From  Wishford  the  outcropof  the  Chalk  Rock  runs  westward 
along  the  southern  side  of  Wily  Valley,  in  and  out  of  the 
combes  which  open  into  that  yalley,  as  far  as  Bojrton  (see  Map 
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in  the  first  Volume  of  this  Memoir,  opposite  p.  248).  Thence 
it  passes  westward  to  the  Valley  of  tne  Deverill,  and  a  good 
section  is  exposed  in  a  quarry  at  Kingston  Devenll,  for  the 
following  particulars  of  which  I  am  indebted  to  Mr.  J.  Scanes, 
of  Maiden  Bradley : — 

FeeL 
White  nodular  chalk  with  a  layer  of  brown  clay  at  the  base      6^ 
Chalk  Rock,  in  regular  beds  from  12  to  18  inches  thick,  each 
having  a  layer  of  green-coated  nodules  at  the  top      .        -      7 

Another  good  series  of  sections  in  the  zones  of  Holaster  planua 
and  Micraster  cartestvdinarium  can  be  found  along  the  north  bordei' 
of  the  Vale  of  Wardour  from  Mere  to  Barford. 

The  Chalk  i-ock  beds  are  quarried  on  Mere  Down  at  a  height 
of  about  650  feet  about  a  mile  north  of  Mei'e.  The  quarry  shows 
14  feet  of  rough  nodular  chalk  resting  on  beds  of  hard  Chalk  Rock, 
seen  for  nearly  3  feet,  with  two  layers  of  green-coated  nodules. 
Fit)m  the  nodular  beds  Mr.  Scanes  obtained  and  sent  to  me  the 
following  species :  Ptychodua  latissimus,  Inoceramus  Cuvieri, 
Spoiuiylus  spinosus,  Terebratvla  semiglobosaf  Micraster  Leskei, 
M.  prcBCursor,  and  Echinocorys  sciUatus  (pyramidal  variety). 

Thence  the  outcrop  of  the  rock-beds  descends  steadily  and  rather 
rapidly  till  it  nms  down  to  the  gi*eat  fault  line  at  a  height  of  a  little 
over  400  feet  near  West  Knovle. 

A  good  section,  bringing  a  considerable  thickness  of  beds  into  a 
small  space  because  of  the  high  dip  on  the  south  side  of  the  fault, 
occurs  in  a  pit  by  the  road  side,  near  Chapel  Farm,  north  of  Upton. 
The  descending  succession  seen  by  me  in  1890  was  as  follows  :— 

Feet 
Zone  of     f  ^^^^  white  chalk  with  many  layers  of  flint  nodules, 

%|.  large  and  small  and  of  irregular  shapes  -        -       -    20 

^i-*«„V     \  Hard  white  chalk  with  three  continuous  seams  of 

«'^«*-     I     fliats 2 

Hard  rough  yellowish  rock,  passing  down  into  rough 
gritty  chalk Ij 

IHard    nodular    chalk    with    a   few    flints,    many 
Micraaters about  20 
Hard  chalk-rock  with  two  layers  of  green-coated 
nodules,  forming  a  ridge  in  the  pit  floor  -       -       -      3 


Zone  of 
HoL 


About    46 
A  good  section  of  the  zones  of  Holaster  planus  and  Terebratulina 
is  visible  in  a  quarry  by  the  side  of  the  road  from  East  Knoj  le  to 
Hindon     The  beds  shown  hei'e  are  :— 

Feet. 
White  chalk  with  many  flints  and  several  thin  seams  or  floors 

of  flint         -        - -        -      9 

/  Rough  yellowish  nodular  sandy  chalk,  with  green 
grains  and  a  few  flint  nodules    -        -       -       -       li 
Eburd  gritty  nodular  chalk,  a  seam  of  yellow-coated 


Zone  of    , 
H.       ( 
planus. 


nodules  at  the  top,  and  others  less  well  marked 

below;  no  flints -12 

Hard  yellowish  chalk-rock  with  layers  of  green- 
coated  nodules,  breaks  into  massive  blocks  -       -      3i 
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Ter^hra-   /Firm  white  chalk  in  thick  beds-       -       -       about   -6U 
tulina  zone,  t  Greenish  marly  seam. 

Hard  cream-coloured  chalk,  probably  the  top  of  the   zone 
of  Rhynch.  Cuvieri - 

75 

Fossils  are  not  abundant,  but  Micraster  prcBCV/rsor  occiirs  in  the 

nodular  chalk. 

Another  section   by  the  tunnel,  south-east  of    Hindon,  shows 

how  the  beds  alter  in  a  short  distance.    This  is  as  follows  :— 

Feeu 

Tough  white  chalk  with  a  few  flints 8 

Hard  yellowish  rock  (1}  feet)  passing  down  into  hard  nodular 
chalk  with  green  grains     -       --       --       -       -3j 

Hard  yellowish  rock  passing  down  into  greyish  nodular 

chalk  with  two  subsidiary  layers  of  rock  ;  green  grains     -      6 
Hard  yellowish  rock  (1  foot)  passing  down  into  hird  lumpy 
whiter  chalk -       -  seen  for      5 

This  is  probably  the  upper  part  of  the  H,  plarvus  zone,  here  assuming 
the  "  Chalk  Rock  "  character  throughout. 

From  this  point  eastward,  the  zone  of  Hoi.  plarvus  is  only  occa- 
sionally seen  in  small  exposures  ;  At  the  eastern  end  of  the  Vale, 
however,  on  the  upthrow  side  of  the  fault,  the  Chalk  Bock  beds 
are  well  exposed  in  the  railway  cutting  at  Barford.  The  des- 
cending section  taken  by  me  about  90  yards  from  the  west  end 
of  the  cutting  is  as  follows  :— 

Ft  in. 
Hard  lumpy  chalk  with  scattered  nodules  of  black  flint, 

very  gritty  and  yellowish  in  some  places  (?  zone  of  M. 

coriestudinariwm) 120 

Hard  and  heavy  nodular  limestone  with  yellow  stains, 

in  two  layers,  tho  upper  full  of  green-coated  nodules    -       1     3 
Hard  yellowish  limestone  passing  down  into  hard  rough 

nodular  chalk 34 

Parting  of  white  shaljr  chalk. 

Hard  nodular  chalk  * 13 

Hard  yellowish  limestone  with  a  layer  of  green-coated 

nodules  at  top,  passing  down  into  rough  lumpy  chalk. 

Ter,  carnea  and  Micraster  prceeursor    -        -        -        -      7     0 

Soft  yellowish-grey  marl  - 0    3 

Rough  nodular  chalk  with  yellow  stains,  very  hard  in 

places :  some  fossils       - 46 

Parting  of  buff  shaly  marl. 

Nodular  white  chalk  with  two  layers  oc  grey  sandy  and 

shaly  chalk  ------1-46 

Hard  nodular  limestone  with  a  layer  of  green-coated 

nodules,    probably    the    bottom    bed   of    Chalk-rock 

Micraster  corbovis  and  Ter.  sem^globosa        -    seen  for       3     %') 

It  will  be  seen  that  the  zone  of  Holaater  planus  or  Chalk  Rock 
has  here  a  thickness  of  over  25  feet.  The  thickness  of  the  over- 
lying lumpy  chalk  is  uncertain,  but  in  the  cutting  east  of  the 
bridcre  5  feet  of  it  are  seen  overlain  bv  soft  white  chalk  with  four 


Zone  of 

Hol,planus< 

(26  feet). 
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continuous  layers  of  flint,  and  as  the  upper  rock  bed  occurs  at 

the  base  of  this  cutting  there  is  probably  from  15  to  16  feet  of 

the  lumpy  chalk  between,  containing  Micrasters  of  the  cortestH' 

dinarium  type. 

Part  of  tha  same  set  of  beds  is  exposed  on  the  south  side  of  the 

valley  in  the  road  cutting  at  the  head  of  the  "  Punch  Bowl/'  near 

Biux5ombe.    Here  the  upper  beds  are  much  weathered,  but  the 

junction  with  the  zone  below  is  clearly  exposed,  the  section  seen 

in  1890  being  as  below : — 

Ft.  in. 
Hard  compact  yellow  limestone  -  -  -  1  6 
Hard  rough  nodular  chalk  -       -       -     10    0 

Layer  of  soft  marl. 

Hard  rough  nodular  chalk  with  yellow  stains    -      6     0 
Tough    gritty    whitish    chalk,    splitting    into 
flattish  lumps  with  lenticular  seams  of  greyish 

marl about       5     0 

Hard  nodular  rock  with  two  layers  of  green- 
coated  nodules ;  passes  into  next    -        -        -       3     6 
Zone  of    f  Tough  and  lumpy  white  chalk  -       -       -       -      5     0 

Tere-     -j  Seam  of  light  grey  marl 0    4 

bratulina.  [  Bedded  white  chalk    -       -       -        -   seen  for      3     0 

This  section,  therefore,  gives  the  base-line,  which  is  wanting 
to  complete  that  of  the  Barford  cutting,  and  shows  the  full  thick- 
ness of  the  Hd,  flanua  zone  to  be  just  26  feet. 

The  rocky  beds  of  the  H,  planus  zone  are  seen  in  several  of  the 
roadways  which  ascend  the  fine  escarpment  along  the  southern 
side  of  the  Vale  of  Wardour,  as,  for  instance,  in  the  roads  south 
of  Compton  and  of  Fovant,  a  pit  by  the  latter  exposing  11  or 
12  feet  of  them. 

Passing  to  the  Vale  of  Broad  Chalk  by  way  of  Compton  Down 
the  outcrop  is  again  passed  through  about  three-quarters  of  a 
mile  north  of  the  village.  Here  Dr.  Barrois  noted  30  feet  of  hard 
nodular  chalk  overlying  a  bed  of  chalk-rock  with  green-coated 
nodules,  and  from  the  former  obtained  the  following  fossils  : — 

Micraster  cortestudinarium.  Inoceramus  Cuvieri  ? 

„         corbovis  ?  Terebratula  seniiglobosa. 

Mr.  Bennett  informs  me  it  is  also  exposed  in  a  quarry  west  of 
Prescombe  Farm,  north-west  of  Broad  Chalk. 

It  is  also  fairly  well  shown  in  the  road  cutting  north-east  of 
Homington,  where  the  hard,  yellowish  basement  rock  is  seen  to 
dip  northward  at  about  8  deg.,  and  to  be  overlain  by  about  20  feel 
of  nodular  rock,  with  some  scattered  flints  and  another  hard  bed 
at  the  top.  There  is  another  exposure  by  the  roadside,  south  of 
Homington,  from  which  Dr,  Blackmore  has  obtained  the  follow- 
ing species : — 

Inoceramus.  Terebratula  semiglobosa. 

Ostrea  vesicularis.  Khynchonella  reedensis. 

Spondylus  spinosus.  Holaster  planus. 

Terebratuhna  lata  1  Micraster  Leskei. 

,,  striata.  Parasmilia  centralis. 
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2.  The  Upper  Chalk  near  Salisbury. 
Zone  of  Hicraster  corangninum. 

The  quarry  at  Middle  Woodford,  north  of  Salisbuiy,  has  been 
described  on  p.  74,  and  the  probability  of  its  being  opened  at  the 
junction  of  the  zones  of  M,  cortesiudinarium  and  M.  coranguinum 
was  then  mentioned.  There  is  a  small  pit  at  Little  Durnf  ord,on  the 
eastern  bank  of  the  Avon,  which  exposes  chalk  with  many  layers 
of  thin-skinned  flints,  most  of  them  stained  red  or  reddish  with 
iron  oxide;  this  is  certainly  in  the  zone  ot Micraster  coranguinum, 
that  fossil  and  Echinocorys  scutatus  being  common  hei*e. 

A  pit  at  the  north  end  of  the  village  of  Stratford  shows  some 
25  feet  of  firm  but  brittle  white  chalk,  with  layers  of  flints  at 
intervals  of  from  1  to  3  feet ;  these  flints  have  thin  skins,  and 
many  are  cavernous,  the  hollows  showing  traces  of  Doryderma 
ramoaum,  and  some  having  drusy  cavities  filled  with  quartz 
crjrstals.  Several  layers,  however,  consist  of  solid  flints  stained 
red  or  brown  by  iron.  Micraster  coranguinum,  Galeritea  aibO" 
galerua,  Cidaris  hirudo,  Ostrea  semiplaTia,  Inoceramus  Cuvieri,  and 
other  fossils  have  been  found  here. 

On  Camp  Down,  between  the  valleys  of  the  Avon  and  the  Wily, 
there  is  a  large  pit  near  the  main  road  showing  25  to  30  feet  of 
chalk  with  similar  thick-rinded  flints,  many  of  them  showing 
pink,  white,  and  grey  bandings,  and  being  of  very  irregular  shapes 
with  knobby  or  cornute  projections.  Fossils  are  scarce,  but 
twenty  species  have  been  found  by  Dr.  Blackmore  and  Mr.  G. 
Westlake,  and  prove  it  to  be  in  the  Af .  coranguinum  chalk,  though 
it  must  be  near  the  top  of  that  zone. 

The  zone  of  Micraster  coranguinum  probably  occupies  a  large 
part  of  the  surface  of  Salisbury  Plain,  and  is  deeply  trenched  by 
the  rivers  which  traverse  that  plain.  West  of  Salisbury  it  also 
occupies  some  space  roxmd  Quidhampton,  Wilton,  and  Nether- 
hampton. 

At  Quidhampton  there  is  a  large  pit  on  the  north  side  of  the 
railway  showing  between  50  and  60  feet  of  chalk.  Flints  occur  in 
regular  courses,  which  are  from  only  about  2  feet  apart  in  the  upper 
40  feet,  but  more  distant  in  the  lower  part ;  most  of  them  have 
very  thin  rinds,  some  hardly  an3rthing  but  a  white  skin,  but  a 
few  have  a  definite  white  crust ;  some  are  large,  with  irregular 
knobby  surfaces.  The  bedding  is  nearly  horizontal.  From  the 
lower  beds  I  obtained  Micraster  coranguinum,  E piaster  gibbus, 
Terebratula  camea,  Inoceramus  Cuvieri,  Limn  Hoperi,  and  Ostrea 
vesicularis,  and  Dr.  Blackmore  has  found  a  few  other  species. 
(See  list,  p.  84  et  seq.) 

The  higher  part  of  the  zone  is  exposed  in  a  pit  by  the  Roman 
road  south  of  Netherhampton.     When  seen  in  1890  much  of  it 
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was  hidden  by  talus,  but  the  chalk  exposed  contains  numerous 
flints  like  those  at  Camp  Down ;  the  flints  have  the  same  pink 
and  white  chalcedonio  layers  in  the  outer  crust.  Some  of  the 
usual  fossils  of  the  zone  have  been  found  here. 

South-west  of  Sahsbury,  in  the  valley  of  the  Chalk  river,  a 
portion  of  the  central  part  of  the  zone  is  exposed  a  little  south 
of  Odstook,  dipping  to  the  north  at  about  9"".  The  chalk  is  Arm, 
white  and  brittie ;  flints  occur  in  frequent  layers  about  2  feet  apart 
and  nearly  all  of  them  have  a  band  or  zone  of  cloudy  white  flint 
a  little  distance  beneath  the  surface.  Fragments  of  a  large 
Inocerarwus  are  common,  but  other  fossils  are  rare. 

In  ascending  Clearbury  Hill  from  Charlton  a  definite  succession 
of  beds  may  be  recognised  from  the  characters  of  the  flints  seen 
in  small  pits  and  roadside  banks.  Thus  a  quarry  opposite  Charlton 
Farm  is  about  30  feet  deep  in  rather  hard  chalk,  with  many  solid 
plain  black  and  dark  grey  flints,  and  fragments  of  Iiwceramus 
shells  are  abundant.  A  pit  about  a  quarter-mile  to  the  south- 
west shows  about  16  feet  of  chalk,  containing  layers  crow  ded  with 
irregular  shaped  flints  about  2  feet  apart,  and  most  of  them  have 
the  cloudy  white  zone  above  mentioned,  but  some  are  stained  red  or 
pink  by  iron.  Higher  up  on  Clearbury  flints  w^ith  the  same  cloudy 
band  are  seen,  but  near  the  top  of  the  hill  they  have  thick  crusts 
like  those  at  Camp  Down. 

A  quarry  in  the  lower  part  of  this  zone,  north  of  Ufford, 
shows  some  interesting  features ;  it  is  about  20  feet  deep  in  w^ell- 
bedded  chalk,  which  shows  a  dip  of  about  2"*  to  the  south-east. 
The  descending  succession  is  as  follows : — 

Ft,  in. 
Chalk,  inaccessible  -        -  ...  -       8    0 

Continuous  seam  or  floor  of  fiint  -        -        -        -  0     1 

Firm  solid  chalk  without  flints  -  -  -  -  -  2  0 
Soft  loose  marly  chalk  crowded  with  flints  -  -  -  1  0 
Solid  bedded  chalk,  with  few  flints   -        -        -  -      4    0 

Soft  marly  chalk 0    6 

Chalk  with  manv  scattered  flints 8    0 


23     6 


The  beds  are  broken  by  a  small  fault  with  an  oblique  hade  and 
a  throw  of  about  4^  feet.  The  flints,  both  large  and  small,  have 
either  a  thin  crust  or  none  at  all.  Fossils  found  were  Micraster 
coranguinum,  Galerites  dlhogalerus^  and  Inoceramus  involvtiis. 

The  upper  part  of  the  M.  coranguinum  chalk  is  exposed  in  the 
railway  cutting  at  Witherington,  north  of  Downton,  and  the  beds 
which  correspond  with  those  at  Camp  Hill  dip  at  14°  to  the  south, 
and  there  are  other  exposures  on  the  eastern  side  of  the  Avon. 
On  the  western  side  of  that  river  its  basset  surface  must  occupy  a 
oonsiderable  tract  of  country  south  of  the  Broad  Chalk  valley. 
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Zone  of  Marsupites. 

The  chalk  of  this  zone  is  exposed  at  several  places,  and  both 
the  Uintacrinna  and  the  Marsupites  bands  have  been  located  by 
Dr.  Blackmore. 

What  is  probably  the  lowest  part  of  the  Uiniacrinus  band  is 
exposed  in  a  pit  on  the  northern  side  of  Old  Sarum  hill,  the 
chalk  is  soft,  with  a  few  scattered  flints  not  in  layers.  These  flints 
have  thick  rinds  which  are  banded  in  layers  of  white  and  grey, 
and  are  solid  throughout;  the  smaller  nodules  have  in  fact 
only  a  small  nucleus  of  clear  black  flint,  but  both  the  black  and 
the  white  parts  are  equally  hard.  From  12  to  15ft.  is  seen,  and 
Dr.  Blackmore  has  obtained  Uintdcrinus  and  other  fossils. 

The  higher  part  of  this  band  is  well  shown  in  the  quarry  at  the 
whiting-works  at  Highfield  (Fisherton)  ;  this  is  about  50  feet  deep 
in  soft  white  chalk ;  flints  are  not  numerous,  but  occur  sparsely 
along  planes  which  are  about  10  feet  apart.  Most  of  them  are 
nearly  spherical,  from  the  size  of  bullets  to  that  of  cannon  balls, 
are  yellow  outside,  but  have  no  crust,  merely  the  yellow  stain, 
and  consist  wholly  of  solid  black  flint.  The  workmen  state  that 
they  have  quarried  about  12  feet  below  the  pit  floor,  and  found 
the  same  kind  of  chalk,  but  the  flints  have  a  white  rind.  Acti- 
nocamax  verus,  small  Kingena  linuiy  and  the  ovate  variety  of 
Echinocorys  scutatus  are  common  here.  Remains  of  Uintacriwus 
have  been  found,  and  twenty-five  specimens  of  Ammonites 
[Haploceras]  leptophyllus,  with  other  fossils  (see  p.  84).  A  single 
plate  of  Marsupites  was  obtained  from  the  top  of  the  pit,  and 
doubtless  marks  the  base  of  the  Marsupites  band. 

The  Marsupites  band  was  exposed  in  the  cutting  west  of  the 
tunnel  on  the  L.  &  S.W.  railway  north  of  Salisbury  at  a  level  of 
about  220  feet.  It  is  also  seen  in  a  pit  on  Bishops  Down  just 
half  a  mile  to  the  northward,  at  a  height  of  from  280  to  800  feet 
above  O.D.  This  shows  soft  white  chalk,  with  more  numerous 
flints,  all  having  thick  white  crusts.  Plates  of  Marsupites  and 
joints  of  Bourgueticrirms  are  very  abundant  at  this  locality,  and 
a  specimen  of  Am,  [HapL]  leptophyllus  about  2  feet  in  diameter  was 
found  in  1893.  Thus  we  may  estimate  the  Uinta(yrinus  band 
at  about  70  feet,  and  the  Marsupites  band  at  about  50  feet, 
making  a  total  of  120  feet  from  the  zone.  Dr.  Blackmore  informs 
me  that  in  1893,  a  well  was  sunk  at  the  Salisbury  Waterworks 
which  are  north  of  the  town,  at  a  level  of  200  feet,  and  just  south 
of  the  railway  cutting,  in  which  plates  of  Marswpites  were 
abundant.  Yet  the  weU,  which  is  70  feet  deep,  traversed  chalk 
with  occasional  layers  of  flints  exactly  like  those  of  Highfield. 
The  first  layer  met  with  was  45  feet  from  the  sxirface,  and  one 
Marsupite  plate  was  found  in  the  lower  30  feet.  In  spite  of  this 
occurrence  ne  beUeves  the  chalk  to  belong  to  the  U%ntacrinus 
band,  and  is  inclined  to  suppose  that  a  line  of  fault  runs  between 
the  Waterworks  and  the  cutting. 


SOUTH   WILTSHIRE.  81 

Zone  of  Actinocamax  quadratus. 

The  zone  of  A.  quadratus  foniLS  the  high  ground  to  the  east  and 
north-east  of  Salisbury,  and  also  the  ridge  which  lies  to  the  south 
of  the  yillages  of  East  and  West  Harnham.  It  consists  of  chalk, 
in  which  flints  are  rather  more  numerous  than  in  the  Marsu- 
pites  zone,  and  in  the  lower  part  of  it  Off  aster  pUlula  is  the  most 
common  fossil. 

At  East  Harnham  there  is  a  fine  quarry  worked  in  two  levels. 
The  lower  one  shows  about  50  feet  of  bedded  white  chalk,  with 
only  a  few  scattered  flints ;  the  upper  level  shows  about  60  feet, 
with  seven  or  eight  layers  of  flints  at  varying  distances,  sometimes 
6  feet,  sometimes  10  or  12  feet  apart,  with  only  a  few  scattered 
flints  in  the  intervening  chalk.  The  beds  are  regular,  and  dip  at 
about  2**  to  the  south,  unbroken  by  faults.  The  flints  have  w^hite 
crusts,  but  not  thick  ones,  and  are  all  solid.  Fossils  are  not  abun- 
dant, but  through  the  workmen  Dr.  Blackniore  has  obtained  many 
species  from  this  pit  (see  p.  83  et  seq.) 

At  West  Harnham  there  is  another  large  quarry  from  GO  to 
70  feet  deep.  In  the  higher  part  the  chalk  is  regularly  bedded  ; 
in  the  lower  part  the  bedding  is  less  distinct,  and  it  is  probably  a 
lower  portion  of  the  zone,  for  the  flints,  few  and  scattered,  are 
stained  yellow  outside.  Act.  granvlatus  is  fairly  common  in  the 
upper  part,  but  rare  in  the  lower  beds,  though  it  has  been  found 
in  them. 

At  Britford  a  quarry  shows  about  30  feet  of  the  higher  beds, 
consisting  of  bedded  chalk,  with  layers  of  flints  at  intervals  of 
about  3  feet,  and  sometimes  less. 

East  of  Salisbury  there  is  a  small  exposure  of  the  lower  part  of 
the  zone  at  the  cross-roads  east  of  Milford,  but,  though  only  10  or 
12  feet  of  chalk  are  exposed,  many  specimens  of  Off  aster  jrillula 
can  at  any  time  be  obtained,  with  joints  of  Bourgueticrinus  and  a 
small  Rhynchonella  (?  reedensis) ;  the  shelly  plates  'which  are 
usually  regarded  as  the  aptychi  of  Am.  [Haploceras]  leptophyllus 
and  Am.  [Pa<'hydiscus]  Portlocki,  and  wliich  Dr.  Blackmore  regards 
as  shelly  processes  belonging  to  the  guards  of  Bdemnitella 
lanceolata  and  Actinocamjax  (fuadratuSy*  have  been  found  here  as 
well  as  at  the  Harnham  quarries,  and  are  certainly  as  common 
in  this  zone  as  are  the  two  characteristic  Belemnites. 

Part  of  the  same  zone,  with  flints  like  those  of  Harnham,  is 
exposed  in  the  railway  at  Ashley  Hill,  and  in  the  pit  below  the 
level  of  the  railway,  north  of  Ashley  Hill  House.  Dr.  Blackmore 
has  also  traced  the  zone  at  intervals  for  some  distance  to  the  north- 
east, and  has  found  a  piece  of  Act.  yranulatus  thrown  out  of  a  rabbit 
hole  on  the  hill  known  as  Thorny  Bushes. 

South-east  of  Salisbury  tliere  is  a  good  section  of  the  zone  in  the 
railway  cutting  at  Whaddon,  which  shows  soft  white  chalk,  with 

♦  See  Geol.  Mag.,  Dec.  4,  Vol.  III.,  p.  529  (1896). 
6821  F 
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irregular  layers  and  scattered  nodules  of  libit,  and  occasional 
seams  of  soft  marly  chalk  dipping  to  the  north  at  about  14**. 
The  flints  have  thicker  white  crusts  than  those  of  Hamham  but 
there  is  the  same  assemblage  of  fossils.  A  quarry  in  the  field 
near  the  railway  is  about  15  feet  deep  in  similar  chalk. 

At  West  Grinstead,  south  of  the  brickyard,  there  is  another  pit 
in  similar  chalk  dipping  at  IG''  to  the  north.  It  contains,  how- 
ever, regular  layers  of  flints  at  3  or  4  feet  apart,  many  of  the  nodules 
being  large  and  smooth,  with  rounded  protuberances  ;  they  have 
thick  crusts,  often  pink  and  agaty,  like  those  of  Camp  Down, 
Fossils  did  not  appear  common,  but  I  foimd  Act.  granvlaJtus, 

Zone  of  Belemnitella  mucronata« 

This,  the  highest  zone  of  the  chalk  in  the  Hampshire  basin,  is 
only  found  round  the  border  of  the  area  occupied  by  the  Lower 
Eocene  to  the  east  and  south-east  of  Salisbury.  Its  jimction 
with  the  underlying  zone  is  e  '^posed  in  the  railway  cutting,  about 
1^  miles  S.E.  of  Salisbury,  close  to  the  north  end  of  the  bridge, 
over  the  road  to  Clarendon  Park.  The  junction  is  approximatelv 
marked  by  a  thin  layer  of  yellow  stained  chalk,  aoove  which 
Bd.  rriTicroiiata  comes  in.  This  zone  is  also  exposed  in  a 
chalk-pit  at  Shootend,  north-west  of  Alderbury,  between  the 
branching  of  the  roads  to  Downton  and  to  Southampton.  The 
chalk  here  seen  is  very  soft  and  white,  with  few  flints,  those  that 
occur  consisting  of  solid  black  flint  without  any  crust— merely  a 
yellow  coating.  Belemnitella  mucronata  is  fairly  common,  with 
Echinocorys  scvtatus,  Terchratula  curneay  Rhynchondla  liTribata, 
a  large  variety  of  Kingeiui  liToa,  and  other  fossils  similar  to  those 
found  in  the  Norwich  chalk.  More  recently  Dr.  Blackmore  has 
found  Magas  pumilus  and  pieces  of  an  Ammonite  which  seems 
to  be  Am,  [Lytoceras]  Jukesi, 

Dr.  Blackmore  also  informs  me  that  in  1893  a  well  was  sunk 
on  the  Southampton  road  above  Shootend  and  a  little  beyond  the 
second  milestone  from  Salisbury  ;  it  passed  through— 

Feet, 

Clay  and  Sand 12, 

Chalk  of  the  Bel,  mucronata  zone       -       -       -       -       -    63 

and  many  fossils  were  obtained  from  the  chalk  which  was  brought 
up,  including  five  examples  of  Bd.  mAicronata. 

Still  further  east,  near  Clarendon,  there  are  some  pits  in  this 
zone.  One  near  the  keeper's  house  in  Clarendon  woods  is  about 
10  feet  deep  in  soft  white  brittle  chalk,  with  a  few  scattered  flints, 
which  often  occur  on  one  plane,  but  at  distances  of  2  or  3  feet 
from  one  another.  The  flints  here  differ  from  those  at  Shootend 
in  having  an  ordinary  white  crust,  but  just  the  same  assemblage 
of  fossils  is  found.  There  is  another  pit  in  similar  chalk  near  the 
Clarendon  brickyard,  and  here  the  beds  show  a  dip  of  3®  to  the 
ea<»t. 
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The  zone  of  Bel.  mucronata  is  also  exposed  in  two  chalk  pita 
at  Breamore  further  east,  andjiMr.  Jebbett,  the  station-master 
there  has  obtained  fossils  from  them. 

List  of  Fossils  from  the  Upper  Chalk  near  Salisbury. 

The  following  hst  is  probably  the  most  complete  local  catalogue 
of  Upper  Chalk  fossils  which  has  hitherto  been  published,  and  for 
it  I  am  indebted  to  the  kindness  of  Dr.  Blackmore.  Not  only 
has  he  collected  carefully  from  all  the  exposures  of  the  chalk  round 
Salisbury,  but  he  has  kept  separate  lists  of  the  fossils  obtained  from 
every  exposure,  so  that  each  place  was  eventually  assignable  to  its 
proper  zone  as  the  collection  of  its  fossils  progressed.  The  localities 
which  I  have  tabulated  are  only  those  which  have  proved  the 
most  fossiliferous,  and  which  suffice  to  give  a  full  list  of  the  fossils 
which  have  been  obtained  from  each  zone. 

The  Reptile  and  Fish  remains  have  been  submitted  to  and  named 
bv  Dr.  A.  S.  Woodward,  of  the  British  Museum.  Mr.  G.  C.  Crick 
has  identified  the  Actirwcamax  Toucasi,  a  species  not  Ijefore  re- 
corded in  this  country  ;  it  much  resembles  the  Act.  plenus  of  the 
Lower  Chalk.  The  Lamellibranchs  have  been  named  by  Dr. 
Blackmore  by  comparison  wnth  the  figures  pubhshed  by  the  best 
authorities,  but  some  corrections  and  additions  have  recently 
been  made  by  Mr.  H.  Woods. 

The  Bryozoa  were  all  examined  and  named  by  the  late  Mr.  Vine, 
but  no  doubt  the  nomenclature  will  require  some  modification 
when  Dr.  Gregory's  catalogue  is  completed. 

Of  the  Crustacea  it  may  be  mentioned  that  of  the  five  species 
of  Scalpcllum,  three,  viz.,  darwinianumy  qiuidricarinatumy  and 
semiporcatam,  have  not  hitherto  been  recorded  as  British, 

The  Echinodermata  have  been  identified  chiefly  by  the  aid  of 
Dr.  Wright's  Monograph  on  the  Echinoidea  and  Mr.  Sladen's 
on  the  Asteroidea,  published  by  the  Palseontographical  Society. 

The  corals  have  been  examined  and  named  by  Mr.  Robert  F. 
Tomes. 

For  the  zone  of  Holdster  planus  the  locality  is  near  Homington. 

For  that  of  Micraster  cortestudinarium  Middle  Woodford  is  the 
only  locaUty. 

For  that  of  Micr.  coranguinum  the  chief  localities  are  Camp  Hill 
(1),  Porton  railway  cutting  (2),  Quidhampton  (3),  Stratford  (4), 
and  Witherington  cutting  (5). 

For  that  of  Marsupites  there  are  tw^o  localities — ^Highfield  (6) 
and  Bishopdown  (7). 

For  that  of  Actirwcamax  quadratus  the  chief  localities  are  the 
two  large  quarries  at  Harnham  (8),  Britford  (9),  and  Whaddon 
cutting  (10). 

For  that  of  Bdemnitdla  mucronata  there  are  three  localities 
— Shootend,  near  Alderbury  (11),  Clarendon  (12),  and  a  cutting 
on  the  L.  and  S.  W.  RaUway  (13). 
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CHAITETI      VII. 
THE   UPPER    CHALK    IN    THE    ISLE    OF    WIGHT. 

General  Di':sciai*TiON. 

The  first  attempt  to  recognise  the  zones  of  the  Upper  Chalk 
in  the  Isle  of  Wight  was  made  by  Prof^'ssor  Barrois,  in  1875,* 
but  in  this  he  only  distinguished  two  zones  above  that  of 
Micraster  cortestudinarium,  these  being  the  zone  of  M,  coran- 
guinum  and  the  zone  of  Belemnitella, 

In  his  later  publicationf  Professor  Barrois  makes  some  correc- 
tions ;  he  transfers  a  part  of  his  M.  cortestvdinarium  zone  to  that 
of  M.  coranguinum,  and  remarks  that  what  he  had  called  the  M. 
coranguinum  zone  includes  that  of  Marsupites.  He  also  states 
in  his  original  description  that  his  ''  zone  d  Belemnitelles '' 
corresponds  to  the  zones  which  are  known  in  Prance  under  the 
names  of  zone  of  Actinocamax  qxuidraius  and  zone  of  Bel. 
mucronata.  He  had,  therefore,  practically  divided  the  Upper 
Chalk  or  Senonian  into  zones,  though  he  had  not  followed 
them  in  detail  across  the  island,  nor  had  he  attempted  to 
estinmte  the  thickness  of  them  severally. 

No  one  has  since  attempted  to  make  a  zonal  examination  of 
the  Upper  Chalk  of  the  island,  and  unquestionably  the  task  is  not 
easy,  for  though  there  are  numerous  pits  along  the  outcrop  of 
the  beds  the  angle  of  dip  is  so  high  that  there  are  not  many  pits 
in  any  one  zone  ;  and  again,  though  this  part  of  the  Chalk  is 
exposed  in  fine  cliff  sections  at  each  end  of  the  island,  they  cannot 
be  approached  on  foot,  and  the  waves  break  against  them  for  the 
greater  part  of  their  length. 

My  friend  Mr.  W.  liill  visited  some  of  the  chalk-pits  along 
the  chalk  ridge  in  1897,  and  discovered  Marsnpites  in  the 
quarry^  on  Arreton  Down.  We  supposed  at  the  time  that  this 
was  the  first  actual  discovc^ry  of  the  remains  of  Marsujrifes  in 
the  island,  but  subsequentlv  found  that  their  existence  was  known 
to  Mr.  Ch.  Griffith,  of  Winchester ;  further,  that  he  and  Mi\  R.  M. 
Brydone  'had  visited  nearly  all  the  quarries  in  the  Upper  Chalk, 
collectinjjc  extensively  from  tlie  scjveral  zones.  They  will,  T  trust, 
soon  publish  the  results  o^  their  ivscarchos,  but  meantime  they 


*  Description  gL^ologiqiio  dc  la  craie  de  Tile  dc  Wight.    Bibl.  des  Hautes 
Etudes  (St.  Nat.)  Tom.  xiii.  1875,  with  coloured  map. 
t  Recherclies  sur  le  Terrain  Cret.  Sup,  p.  107  (1876). 
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have  most  kindly  placed  their  lists  at  my  disposal  as  well  as  some 
notes  respecting  the  zones  exposed  in  certain  quarries. 

With  respect  to  the  base  of  the  Upper  Chalk  in  the  Isle  of  Wight 
we  have  already  stated  (Vol.  IL,  p.  410)  that  we  cannot  regard  the 
layer  of  green-coated  nodules  as  the  equivalent  of  the  Chalk  Rock, 
nor  can  we  even  take  the  seam  of  dark  grey  or  neaily  black  marl, 
which  occurs  some  7  or  8  feet  higher,  as  the  base  of  thejHT.  planus 
zone ;  for  that  fossil  is  not  common  in  the  intervening  chalk, 
nor  is  it  associated  with  many  Micrasters  for  another  8  or  9  feet, 
when  there  occurs  a  similar  seam  of  light-grey  marl.  Above 
this  marl  the  Micrasters  begin  to  come  in  (both  M.  Leakei  and 
M,  prcBCuraar),  and  a  httle  higher  Echinocorys  scutafus  is  met  with. 
As  this  marl  band  seems  to  be  continuous  across  the  island  we 
take  it  as  a  convenient  plane  for  the  base  of  the  Upper  Chalk, 
although  it  may  be  really  a  few  feet  below  the  real  palaeontological 
hmit. 

With  regard  to  the  thickness  of  the  Upper  Chalk  as  a  whole, 
several  estimates  have  been  made.  Professor  Barrois'  estimates 
give  a  total  thickness  of  290  metres  (950  feet),  including  his  zone 
of  M.  cortestvdinarium,  but  he  undoubtedly  allowed  too  small 
a  thickness  for  the  *'  zone  d  Belemnitelles." 

Mr.  Strahan  estimated  the  total  thickness  of  chalk  above  the 
"  Chalk-rock  "  nodules  at  1,350  feet,  but  we  consider  this  to  be 
rather  too  high  an  estimate. 

It  is  well  known  that  along  the  central  ridge  of  the  island  the 
strata  of  the  Chalk  are  bent  over,  till  they  pitch  beneath  the  Eocene 
at  very  high  angles,  generally  from  75**  to  85° ;  consequently 
they  can  only  be  measured  by  plotting  sections  to  scale,  and  calcu- 
lating the  thickness  between  a  prolongation  of  the  curves.  Four 
such  sections  have  been  drawn,  and  published  in  Sheet  47  of  the 
Horizontal  Sections  of  the  Geological  Survey  (new  edition,  1889)  ; 
an  examination  of  these  shows  that  in  each  of  the  fu*st  two  sections 
the  thickness  between  the  supposed  horizon  of  the  Chalk  Eock 
and  the  Eocene  is  about  1,250  feet.  The  section  thi-ough  Ashey 
Down  shows  too  much  disturbance  for  accurate  measurement, 
and  that  through  Bembridge  Down  gives  only  1,075  feet,  due 
either  to  local  compression  or  possibly  to  some  small  error  in  the 
engraving. 

Hence  I  regard  the  sections  through  Brook  and  through  St. 
George's  Down  as  giving  the  most  trustworthy  results,  and  adopt 
1,250  feet  as  the  thickness  of  the  Chalk  between  the  horizon, 
above  mentioned.  To  get  the  thickness  of  the  Upper  Chalk  as 
understood  in  this  volume  we  must  deduct  from  this  amount 
the  thickness  of  chalk  between  the  nodule  bed  and  the  base  of  the 
Holdster  planus  zone,  about  16  feet,  which  leaves  about  1  236 
feet.  This  agrees  closely  with  a  section  drawn  by  me  through 
Arreton  Down  (see  Fig.  37),  which  shows  about  1,240  feet  in  the 
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same  space.    This  thickness  may  be  assigned  to  the  four  zones 
on  the  following  proportions. 

Feet 

Zone  of  Bel,  mucronata 300 

Act,  quadratas 400 

Martupites 150 

Micr,  coranguinum 300 

„  cortestndinarium  and  Uol.  jdantui  -        -        -       90 


1,240 

Stratigraphical  Details. 
Zones  of  Holaster  planus  and  M.  cortestudinarium. 

Above  the  seam  of  grey  marl,  which  we  have  taken  as  the  top 
of  the  zone  of  Terebratvlina  there  are  six  or  seven  feet  of 
hard  nodular  or  knotty  chalk  without  flints.  Above  this  comes 
a  variable  thickness  of  nodular  chalk  with  flints,  in  which  fossils 
are  abundant.  The  upper  part  consists  principally  of  hard  homo- 
geneous chalk  with  many  flints,  and  some  continuous  flint  seams  ; 
occasionally  also  there  are  layers  of  nodular  chalk ;  in  these  beds 
fossils  are  less  common  than  below.  The  lower  nodular 
beds  vary  from  20  to  30  feet  in  thickness,  and  the  higher 
part  probably  from  30  to  40,  but  we  have  not  attempted  to 
separate  the  two  zones  or  to  fix  the  summit  of  the  M.  cortestudi- 
narivm  zone  anywhere  in  the  Lsland. 

Only  the  lower  portion  can  be  examined  at  Culver,  where  it 
appears  to  be  as  follows,  when  clear  of  falls  from  the  clifY  :  — 

Feet. 


I 


Chalk   with    grey    flints. 


Upper )     Smooth  chalk  with  Holaster  plajius      -  -        -     4 

Chalk  "j     Nodular  chalk  splitting  along  dark  wavy  lines    -        -    3 
\    Seam  of  grey  marl an  inch. 

Middle  r     Nodular   chalk   as   above 10 

Chalk.  \     Seam  of  dark  clay. 

A  portion  of  the  zone  is  exjx)sed  in  a  quarry  half  a  mile  west- 
north-west  of  Yarbridge,  and  the  section  has  been  given  by  Mr. 
Strahan,  his  account,  with  slight  verbal  alteration,  being  repro- 
duced below,  but  the  Ixids  are  grouped  in  accordance  with  our 
view  t)f  the   zonal   limits  :  — 

TT  f  C/halk  with  a  few  flints,  grey  inside  -        -        - 

p.^P^     1  l^^^^l^   nodular  chalk   with  yellowish   lumps ; 
I      fossiliferous  in  the  lower  part  - 


Middle     , 
(Jhalk.    \ 


^Seam  of  white  marl 0 

Rough   nodular   chalk 

Seam  of  black  clay 

Hough  chalk  passing  down  into  smoother  chalk 
Layer  of  green  coated  ikkIuIos 
Rough   nodular   chalk         -        .        -        .        . 
Smooth  chalk,      -----    geen  for 


rt. 
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In  the  quarry  east  of'  Cariabrook  Castle  there  are  12^  feet  of 
nodular  chalk  without  flints,  overlain  by  a  few  feet  of  nodular 
chalk  with  scattered  grey  flints. 

The  section  in  the  quarry  on  Brixton  Down  baa  been 
mentioned  in  Vol,  IT.,  p.  412,  It  is  a  good  exposure,  showing  about 
21  feet  of  rough  nodular  chalk  without  flinta  above  the  clay  band 
succeeded  by  20  feet  of  lees  nodular  chalk  with  flints  ;  the  chalk 
here  is  ao  l^rd,  and  has  been  subject  to  so  much  squeezing,  that 
the  fossils  cannot  be  detached  in  good  condition  for  identification, 
A  similar  section  however  is  seen  in  a  quarry  at  the  south-east 
comer  of  Shalcombe  Do\vn,  and  from  thence  Mr,  Rhodes 
obtained  some  of  the  fossils  included  in  the  list  on  p.  95. 

The  most  accessible  and  complete  section  in  these  beds  is  that 
exposed  in  the  road  cutting  on  Afton  Down.  This  was  descriljed 
and  flgured  by  Dr.  Barrois,  and  some  of  the  beds  were  subsequently 
measured  by  Mr.  Strahan,  but  he  did  not  carry  his  account  into 


Fio.  37,— Sketch  of  Section  in  Military  Rood,  Afton  Down. 
a,  a—Terii>raluli7ta  Zone,   fi— layer  of  green  coated  nodulea.     e,  d— Zones  of  Ho' 
planvt  and  M.  eortestudinarium. 

the  flintrbearing  chalk.  We  give  a  diagrammatic  view  based  on 
Dr.  Barrois'  sketch  (Fig.  37)  and  the  vertical  succession  may  be 
stated  as  follows  :  — 

Ft.     in. 
fChalk  with  regiJar  layers  of  flints     -        ■        -    730    0 
ij  1  Hard  chalk  with  scattered  flints  and  occasional 

rwt      \      n'^ulf"'  ^^ alwut    40     0 

vu-iK,      1  Nodular  chalk  without  flinta      -...70 
rLayer  of  whitish  marl  ----01 

Hard  nodular  chalk 8     0 

Middle     I  B'*ck  marly  clay 0     1 

Chalk.    \  Nodular  chalk 6     0 

Hard  chalk  with  a  layer  of  green-coated  nodules 

at  the  top 16 

>.  Massive  chalk  with  layers  of  marl,  seen  for       -    6U     0 

It  will  be  noticed  that  the  portion  without  ttinta  is  here  re- 
duced to  10  feet,  but  we  are  not  sure  whether  this  reduction  i;^ 
not  more  apparent  than  real ;  it  may  be  that  flints  occur  hei< 
in  beds  whit^h  at  Culver  are  without  flinta. 

Hard  nodular  chalk,  containing  typical  Microliter  cortes- 
tudiimrium,  occurs  also  at  the  headland  on  tho  west  side  of 
Freshwater  Bay,  accessible  at  low  tide. 
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Zone  of  Micraster  coraiiguiniun. 

At  the  western  end  of  the  island  this  zone  ofcujaes  the  cliffs 
from  Scratchalls  Bay,  south  of  the  Needles,  to  Fieahwater  Buy: 
but  as  far  as  Watcombe  Bay,  near  I'^eahwatt'r,  tlicse  cliffa  aie  only 
accessible  by  boat  on  a  calm  day.  Mr.  Whitaker,  writing  in  1805,* 
says,  "  the  parallel  layers  of  Hint  are  very  frw|ut'nt,  many  quite 
continuous,  some  of  a  peculhu'  brown  or  pinkish  tint,  and  all  moie 
or  less  broken  up.  At  Sun  Corner,  the  southern  liorn  of  Scratchalls 
Bay,  there  is  a  bed  of  some  thickness,  in  wliioli  the  layei-a  of  flint 
are  ao  close  together  that  they  form  nPiirly  us  nuich  of  the  rix-k 
as  the  chalk  itself.  .  .  .  It  is  shown  in  Fig,  38,  in  which 
the  black  lines  represent  the  layers  of  Hint." 


Fig.  : 


—Scratchalls  l!iiy,  liHikiii^  .■i"iilli«\inl,  sliiiwiiig  [reqiu 
of  Hints  ;   frum  a  pliotugi-apli. 


The  lower  pai't  of  the  M.  coramjuinuin.  -ame-  is  iiccesaible  on  foot 
ill  Watconilw  Bay  and  on  tlio  west  Hide  of  Fnsihwater  Bay,  and 
from  tlirae  localities  Mtsjar-s.  (irifhth  and  jlrydoue  have  collected 
many  of  its  fossils,  as  well  us  from  I'ne  f)r  six  pits  along  the  toji  of 
the  cliffs  Ixjtween  Freshwater  and  Sci'atclialls  Bay. 

Prof.  Barrois  refers  to  this /.ime  the  chalk  seen  in  u  smnll  |)it 
north-west  of  Bowcombe  Woinl  ncai-  Carisbrooke,  from  which  he 
obtained  Micraster  coranf/ainum;  Gnlerites  albogalerus  and  a 
SpondyluB.   If  in  this  zone  it  must  Ije  in  quite  the  lowest  part  of  it. 

Mr.  Griffith  writes  that  tlie  large  pit  half  a  mile  east  of 
Carisbrooke  may  be  in  this  KOiie,  hut  that  fossils  are  very  scarce, 
and  the  evidence  is  not  decisive,  ilr.  Hill  is  also  inclined  to  refer 
the  chalk  here  to  the  upper  part  of  the  M.  tvrangumnm  zone. 

'Quart,  Journ.  Ueol.  Soc.,vol,  x\i.,  p-  401. 


92 


THE  CRETACEOUS   ROCKS   OF   BRITAIN. 


The  highest  beds  of  the  zone  and  its  passage  up  into  that  of 
Ma/rsupUes  may  be  seen  in  a  large  quarry  at  the  west  end  of  Arreton 
Down  (Downend  pit). 

Mr.  GriflSth  is  also  disposed  to  regard  the  upper  quarry  north- 
west of  Yarbridge  by  the  road  leading  on  to  Brading  Down  as 
exposing  the  chalk  of  this  zone. 

The  zone  of  Marsupites. 

Marsupites  have  up  to  the  present  been  found  only  at  two  places 
in  the  island,  one  a  small  exposure  near  Freshwater,  discovered  by 
Mr.  GriflSth,  the  other  being  in  the  large  quarry  on  Arreton  Down 
alx)ve  mentioned.  Fig.  112  is  a  section  through  this  quarry 
showing  the  position  of  the  band  of  chalk,  which. is  characterised 
by  the  presence  of  Marsupites  and  the  scarcity  of  flints. 


Quarry. 


o 


«0 

2 


80     0 


e  3  2      1m 

Fio.  39.— Section  through  the  chalk-pit  on  Arreton  Down. 
Scale,  horizontal  and  vertical,  6  inches  to  a  mile. 

c« Eocene  2  =  Zone  of  Marsupites. 

3= Zones  of  Act.  quadratus.         l  =  Zone  of  M.  coranguinum. 
and  Bel.  mucronata  m  =  Middle  Chalk. 

The  following  details  of  the  succession  of  beds  forming  this  zone 

were  taken  by  Mr.  Hill  at  this  quarry  in  descending  order : — 

Ft.  ,in. 
Chalk  with  regular  layers  of  flints ;  thickness  not 

measured  -       -        -        -        -probably  about 
Hard  white  chalk  with  two  continuous  seams  of 

flint  -        -        -        -        -        - 

Hard  white  chalk  with  layer  of  flints  at  base     - 
Hard  white  chalk  without  flints,  massive  beds 

with  a  marl  seam  in  the  centre  ;  Actiiwcartiax 

grantdalus       -        - 

Layer  of  flints - 

White  chalk  with  a  few  scattered  flints  near 

the  base 

White  chalk  with  a  few  flints  arranged  sparsely 

along  lines 

Thin  seam  of  marl 

Chalk  with  a  few  flints  thinly  scattered  along 

definite  lines 18 

White    chalk    with    flints    as    above,    contains 

Marsupites,    Offdster    pillula,    Rhynchonella 

plicatilis,  and  other  fossils      -        -        -about 
White  chalk  with  occasional  lines  of  flints,  the«e 

becoming  more  numerous  below     -        -about 


1 
o 

^    ( 

a. 

t 


o 


6 
3 


15 
0 


0 
0 


0 
3 


5     6 


19 
0 


0 
2 

0 


20     0 


70     0 


Chalk  with  layers  of  close-set  flints  (zone  of  M.  coravguinum). 
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The  beds  are  dipping  to  the  north  at  a1x)ut  40  deg.  Ite?ide8 
single  plates  Mr.  Hill  found  a  complete  test  of  Marsupites  testu- 
dijuirius  here.  For  the  fossils  which  Messrs.  Griffith  and  Bry- 
done  have  obtained  here,  see  list  on  p.  95. 

In  Culver  cliff  the  flintless  chalk  of  this  zone  was  observed  by 
Mr.  Whitaker  so  long  since  as  1865,  his  notice  of  it  being  as 
follows:—"  Here  in  the  midst  of  the  chalk,  with  layers  of  flint  at 
every  3  or  4  feet,  is  a  space  some  40  or  50  feet  thick  with  only 
one  thin  seam  of  tabular  flint,  but  with  four  Unes  of  gi-een-coated 
nodules  like  those  of  the  Chalk  Rock,  but  perhaps  of  a  deeper 
colour."  Referring  to  this  band,  Mr.  Strahan  says  it  is  from  350 
to  400  feet  above  the  so-called  Chalk  Rock,  i.e.,  the  nodules  in 
the  Terebratulina  zone,  and  that  from  one  of  the  nodule  beds 
were  obtained  Off  aster  pillula,  Serpula  plexus  y  Rhynchonella 
plicatilis,  a  coral  and  a  sponge. 

Zone  of  Actinocamax  quadratus. 

Above  the  Marsupite  zone  there  seems  to  Ije  a  great  thickness 
of  chalk  (300  feet  or  more),  in  which  Act.  quadratus  occasionally 
occurs,  and  in  which  OJfaster  pillula  is  sometimes  common. 
Certain  pits,  which  are  presumably  at  the  summit  of  the  zone, 
yield  examples  both  of  Act,  quadratus  and  of  Bel.  mucronata,  an 
association  which  is  rai'e  in  other  parts  of  England. 

For  the  following  notes  on  the  pits  which  Messrs.  Griffith  and 
Brvdone  refer  to  this  zone  I  am  indebted  to  Mr.  Griffith. 

The  new  fort  above  the  Needles  seems  to  be  situated  on  it ; 
they  found  numerous  specimens  of  Off  aster  pillula  in  the  exca- 
vations for  the  foundations,  and  its  position  is  too  northerly  for 
the  Marsupites  zone. 

A  pit  at  Freshwater  Gate  by  the  pumping  station  yielded 
Act.  quadratus  and  Bel.  mucronata,  the  latter  abundantly.  The 
same  two  fossils  are  found  in  the  large  pit  east  of  the  station  at 
Shide,  near  Newport,  wliere  the  l)eds  dij)  northward  at  75°. 

The  northern  face  of  Downend  pit  (iVi*reton  Down)  exposes 
the  lower  part  of  this  zone— chalk  with  layers  of  black  flints. 

Tliey  have  also  found  Act.  quadratus  with  Off  aster  pillula  in  the 
northern  part  of  the  Culver  ClifY. 

Zone  of  Belemnitella  mucronata. 

Prof.  Barrois  describes  the  chalk  of  this  zone  as  soft  and  friable 
containing  flints  which  are  generally  of  a  smoky-grey  colour, 
but  sometimes  black  flints,  as  at  Alvington  and  Mottistone.  He 
also  remarks  that  Magas  pumilus  is  very  common  in  this  zone, 
but  is  rare  in  that  of  Act.  quadratus. 

A  line  of  old  quarries  from  w' hich  some  fossils  may  be  obtained 
occur  to  the  north  of  Afton  Down. 

A  large  quarry  at  Shalcombe,  north  of  Brook,  is  open  in  this 
zone,  dipping  at  a  high  angle  to  the  north.     .Prof,  Barrois  says 
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the  lower  beds  contain  large  black  flints  and  yielded  Bdemni- 
tella  mucronatn,  Echinocorys  gibhus,  and  Inocerdm/as  Cripsi 
(?  species) ;  while  the  upper  beds  contain  grey  flints  and  afforded 
Bel.  mvcronata  with  Magas  pumilus. 

There  are  quarries  on  the  north  side  of  Mottistone  Down,  one 
south-east  of  Newbarn  and  another  at  Pitt's  Farm,  in  all  of  which 
Bd,  rrmcronata  has  been  found. 

From  an  old  pit  (now  a  garden)  by  Mord  Cottage,  at  the  west 
end  of  Carisbrooke,  Mr.  Hill  obtained  Magas  pumUvs  and  part 
of  a  Belemnite  (?  B,  mucrojiata).  There  is  also  an  old  quarry 
by  the  main  road  south  of  Alvington  Farm,  from  which  Prof. 
Birrois  obtained  a  few  fossils. 

The  occurrence  of  B.  Tnucronata  in  the  large  quarry  between 
Carisbrooke  and  Shide  has  been,  noticed  above. 

Prof.  Barrois  records  it  from  Mersly  Dowti,  and  there  is  a  large 
quarry  on  the  north-west  side  of  this  down  by  Chalkpit  Copse 
where  the  chalk  dips  at  85  degrees  to  the  north.  Probably  this 
was  the  exposure  he  found. 

There  are  also  pits  near  the  Eocene  border  north  of  Asliey 
Down  and  of  Nun  well  Down,  which  are  doubtless  in  this  zone. 

Mr.  Mark  Norman  has  recorded  Bd.  mucronata,  Echinocorys 
vidgaris,  and  Galerites  albogaleras  from  the  chalk  just  below 
the  base  of  the  Eocene  in  Whitecliff  Bay.* 

Fossils  from  the  Upper  Chalk  of  the  Isle  of  Wight. 

That  we  are  able  to  give  a  completely  zonified  list  of  fossils  from 
the  Upper  Chalk  of  the  island  is  mainly  due  to  the  careful  col- 
lecting of  Messrs.  Ch.  Grifiith  and  R.  M.  Brydone,  and  to  their 
kindness  in  placing  their  results  at  our  disposal.  We  have  incor- 
porated the  fossils  recorded  by  Professor  Barrois  in  his  account 
of  the  island  above  mentioned,  and  also  those  obtained  from  the 
zone  of  Holaster  planus  by  the  Geological  Survey. 


•5 


ll 


•I 


Pisces. 
Corax  heterodon,  Retisi    - 
Knchodus  lewesiensis,  Ag.     - 
Lamna  appendiculata,  Ag. 

Cephalopoda. 
Aptychus  nigosus,  Sharpe     - 

„        sp.  -       -       -        . 

Actinocamax   quadratus,   Defr. 

„  granulatus  Blainv.  - 


X 
X 


X 
X 


•  See  Proc  Qeol.  Assoc.,  Vol.  L,  p.  40  (1866). 
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Etelemoitella  lanceolata,  Sckloth. 
„  mucroiiata,  Sehlotk 

Rhynchoteuthis  sp.  - 

Lamdlibraitchiata. 
CaiHX>tin&  Bp.  - 
[nocenmus  Bp. 

lima  HopvTi.  Sow. 

„     peciiiiata,  d'Orb.    • 

„    seroisiiJcata,    Nilis, 

Ostrea  curvirostris.  Sow. 

canitliculata,    Sow. 

hippopodium,  NUm. 

Tiormaniana,  dVrb. 

acniiplana.  Sow.    - 

vesicularia.  Lam,  - 

wegnianoiiitiii,  d'Orb. 

retosus,  De/r.  (^nitidus. 


Pectenci 


„     sp. 

„     (Neithea)  Duteraplei,  d'Orb 
„         „     quinquecostatus,  Sow 
PBcatula  Bijfillina,   S.  P.  \\]ondw 
Spond;]us  dutem  plain  us,  d'Orb. 

„         iipinosua,    Sok. 


BraehUpodii. 
Crania  egnabergeneis,  HeU. 
Mapas  pumilus.  Sow. 
Rhynchonella  limbaU,  Schloth. 
„  plicatilia,  Soui.  ■ 

„  reedenais,    Eth. 

Terebratula  caroea,    Sow. 

„  semit^lolxsa,    Sow. 

„  sexradiaU.    S"w. 

Terebratultoa  atriaUt,  Wahl.    - 

„  fcranlis,    Sehloth. 

Thecidium  Wctherelli,  Morris  • 

Bryoioa. 
Ceriocava  ramuloea,  Mieh.     ■ 
Claviclausa   globuloa.-^  d'Orb.  (Cer; 
Lunutites  cretaceus  Dtfr. 

Cirripedia  and  Annelida. 
Pollicipes  glaber,  Koemer. 

„        Bp.     - 
Scalpellnm  semiporcatum,  Daru>. 
Serpula  ampnlhcea.  Sow. 
„       aonolata,  Reuu 
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Zones  of  M. 

eortest.  and  Hd. 

pldnvt. 

Zone  of  M. 
coranguinum. 

1 

• 

of 

Zone  of  Act. 
quadratic. 

Zone  of  Bel. 
mucronata- 

S<Tpula  fluctuata,  Sow,   •        -       -        - 

X 

X 

X 

X 

„       graniilata.  Sow,  -       -        -        . 

— 

X 

— 

X 

" 

„       Uium,  Sow,         .... 

X 

X 

— 

X 

X 

„       plexus,  Sow,       -        -        -        . 

X 

X 

s 

X 

X 

„       turbinella,  Sow,  -        -        -       - 

— 

X 

— 

X 

X 

Echinodermaia, 

Bourgueticrinus  sp.  -               .       .       . 

X 

X 

X 

X 

X 

Calliderma  sp. 

— 

X 

X 

- 

- 

Cardiaster  sp.   -       -       - 

— 

X 

— 

— 

— 

Cidaris  clavigera,  Konig 

X 

X 

— 

X 

- 

„      hirudo,  Sorig,     -        -        -        - 

— 

X 

X 

— 

X 

„       perornata,  Forbes 

X 

X 

— 

— 

— 

„      sceptrifera,  Mant, 

X 

X 

— 

-- 

X 

„      subvesiciilosa,  dVrb. 

X 

X 

^» 

— 

— 

Cyphoeoma  Kcenigi,  Mant,    - 

— 

X 

— 

X 

— 

„          radiatura,  Sorig,  - 

X 

X 

- 

- 

— 

.  .1          sp- 

X 

X 

X 

X 

- 

Echinocorys  scutatus,  Leske    - 

X 

X 

X 

X 

X 

Galerites  albogalenis.  Leske 

* 

X 

X     • 

X 

- 

„          sp.         -        -        -        -        - 

— 

X 

— 

— 

— 

Holaster  planus,  Mant   -       - 

X 

— 

— 

•* 

Marsupites  testudinarius,  Schloth.  - 

— 

-- 

X 

— 

— 

Infulaster  major,  %  Desor, 

X 

— 

— 

— 

— 

Micraster  coraiiguinum,  Leske 

— 

X 

X 

— 

— 

„          cortcstudinariuni,  Go^tlf. 

X 

— 

— 

— 

-> 

„          liCskei  *?  Desm, 

X 

— 

— 

— 

— 

„          praecursor,  Rowe    - 

X 

— 

— 

— 

•• 

Metopaster  Parkinsoni,  Forbes 

— 

— 

— 

— 

X 

Offaster  pillula.  Lam,       -       -        -        . 

— 

— 

s 

X 

X 

Pcntacrinus  Agassizi,  Hag, 

X 

— 

— 

— 

— 

Salenia  granulosa,  Forbes 

X 

— 

— 

X 

— 

Aciinozoa. 

Axogaster  crctacea,  Lonsd,     - 

— 

— 

X 

X 

Parasmilia  centralis,  Mant. 

X 

— 

- 

X 

X 

Trochosiiiilia  sp. 

— 

— 

— 

— 

X 

Spongida, 

Cephalites  sp. 

— 

— 

— 

— 

X 

CMiona  cretacea,  Portl,     -        -        -        - 

— 

X 

— 

— 

— 

Plocoscyphia  sp. 

X 

— 

— 

— 

— 

Porosphaera  globularis,    Phil, 

X 

X 

X 

X 

X 

„           pileolus,  Lam.X=  urceolata) 

X 

X 

— 

X 

— 

.,           Woodwardi,  Carter     - 

X 

X 

X 

X 

X 

Ventriculites  moniliferus,  Roemer  - 

X 

— 

— 

— 

— 

,»            sp. 

X 

" 

X 

" 
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CHAPTER  Vm.         ",' 
THE  UPPER  CHALK  IN  SOUTH  DORSET. 

General  Description. 

The  chalk  of  South  Dorset  is  a  continuation  of  that  of  the  Isle 
of  Wight,  with  which  island  it  was  doubtless  once  united.  Brought 
up  by  a  prolongation  of  the  same  uplift,  the  Upper  Chalk  is  ex- 
posed at  many  places  along  the  coast  between  Ballard  clifif  (near 
Swanage)  and  \Vhite  Nothe  (Ringstead).  It  is,  however,  so 
faulted,  broken,  and  crushed  that  few  of  the  sections  afford  satis- 
factory views  of  the  zonal  succession. 

Professor  Barrois  was  the  first  to  attempt  a  determination  of 
ssones  in  this  area,  and  more  recently  Dr.  A.  W.  Bowe  has 
published  an  account  of  the  coast  sections  which  adds  very 
largely  to  our  knowledge  of  the  zonal  divisions.*  I  shall 
take  the  latter  as  the  basis  of  the  following  description,  adding 
a  brief  account  of  the  chalk  round  Dorchester  from  my  own 
notes. 

As  stated  under  the  description  of  the  Middle  Chalk,  we  agree 
with  Dr.  Rowe  in  thinking  that  the  base  of  the  zone  of  Holaster 
planus^  and,  therefore,  of  the  Upper  Chalk,  as  now  undei*stood, 
has  not  been  accurately  fixed  by  previous  observers.  We  think 
that  both  Professor  Barroisf  and  Mr.  StrahanJ  have  placed  it  too 
low,  and  that  the  double  layer  of  green-coated  nodules,  which 
occurs  in  all  exposures  and  has  been  regarded  as  representing 
the  Chalk  Rock,  is  reallv  a  nodule  l^ed  in  the  Terebratulina  zone. 

With  respect  to  the  thickness  of  the  Upper  Chalk  in  South 
Dorset,  Mr.  Strahan  estimates  the  total  thickness  of  Chalk  on 
the  south  side  of  the  thrust-fault,  near  Ballard  Point,  to  be  1,175 
feet ;  deducting  from  this  the  thickness  of  the  Lower  and  Middle 
Chalk  (about  250  feet)  we  have  925  feet  left  for  the  thickness 
of  the  Upper  Chalk.  As  this  does  not  include  the  highest  beds, 
which  are  onlv  found  on  the  north  side  of  the  fault,  we  must  add  a 
certain  thickness,  say  about  200  feet,  for  them,  and  thus  obtain 
a  total  of  not  less  than  1,100  feet.  From  sections  plotted  near 
Lulworth  and  White  Nothe  Mr.  Strahan  has  estimated  the  thick- 
ness of  Upper  Chalk  in  that  district  at  956  feet,  but  this  does  not 
include  all  of  the  Bd.  mucronata  zone.  Dr.  Rowe's  measure- 
ments as  given  below  make  up  a  total  thickness  of  1,060  feet. 

•  Proc.  Geol.  Aasoc.,  Vol.  XVII,  pp.  1-76,  plates  i-x,  (1901). 
t  Recherches  sur  le  Terrain  Cr^tac6  Siip^rieur,  pp.  78-102. 
J  Geology  of  the  Isle  of  Purbeck  and  Weymouth,  Mem.  Geol.  Survey, 
1898,  p.  167  et  seq. 
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We  may,  therefore,  consider  the  thickness  of  the  Upper  Chalk 
along  the  southern  side  of  the  Eocene  tract  in  Dorset  to  be  from 
1,000  to  1,100  feet,  which  is  not  far  from  its  estimated  thickness 
in  the  Isle  of  Wight. 

From  Dr.  Rowe's  descriptions    the    following    may  be   taken 

as  the  average  thicknesses  of  the  several  zones  in  South  Dorset, 

at    places    where  they  have  been  least  affected  by  faulting  and 

compression:— 

Feet 
2iOne  of  Bel.  mucronata       -        -        -        -        -        -        -        250 

Tjone  oi  Act.  guadratus 350 

Zone  of  Mariupites    --        -        --        -        -        •        110 

Zone  of  Micr.  corangutnum 230 

Zone  of  Micr.  cortesttidinarium          -        -        -        -         60  to  70 
Zone  of  IIol.  2^anus 40  to  50 

1,060 

For  an  account  of  the  faults  and  disturbances  by  which  the 
Upper  Chalk  of  this  region  is  affected  the  reader  is  referred  to 
the. chapter  on  that  subject  in  Mr.  Strahan's  memoir  on  the 
Geology  of  the  Isle  of  Purbeck  and  Weymouth. 

Instead  of  following  each  zone  separately,  it  will  be  more  con- 
venient to  describe  what  is  seen  of  the  Upper  Chalk  at  each  of 
the  principal  localities,  th**se  being  four  (1)  that  of  the  cliffs 
between  Studland  Bay  and  Swanage  Bay;  (2)  between  Arish 
Mell  and  Mupe  Ba^'  ;  ( 3)  at  and  west  of  Durdle  Cove  ;  (4)  near 
White  Nothe. 

Stbatigraphical  Details. 
The    Coast    Sections. 

1.— The  Cliffs  north  of  Swanage. 

The  cliffs  north  of  Swanage,  from  Ballard  Point  to  Studland 
Bay,  present  a  fine  section  of  the  Upper  Chalk,  though  only  a 
small  part  of  it  is  accessible  without  a  boat.  The  zonal  succes- 
sion was  briefly  indicated  by  Prof.  Barrois  in  1876,  and  has  been 
more  completely  described  by  Dr.  A.  W.  Rowe.  The  section 
Fig.  40,  is  based  on  that  drawn  by  Mr.  Strahan  and  published 
in  the  Memoir  on  the  Isle  of  Purbeck,  with  the  zonal  details 
inserted  from  the  diagrammatic  section  in  Dr.  Howe's  paper 
(Op.  cit.  p.  32). 

Zone  of  Holdster  planus. — This  is  regarded  as  beginning 
about  20  feet  above  the  laye^  of  green-coated  nodules  in  the 
Terebratnlina  zone  {see  VoL  II.),  and  it  is  included  in 
the  chalk  which  Prof.  Barrois  referred  to  the  zone  of  Af. 
cortestudinarium,.  Dr.  Rowe  foimd  it  impossible  to  get  onto 
any  surface  of  the  H.  planus  zone  even  from  a  boat,  for  the  beds 
are  vertical  and  form  the  front  of  Ballard  Point.  Its  thickness 
is  probably  about  40  feet.  Flints  are  numerous,  as  in  the  Isle  of 
Wight. 
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Zone  of  Micraster  corteaUtdinarium. — Dr.  Rowe  mentions  a 
cave  on  the  south  side  of  the  point  from  which  he  obtained 
Micrastera  of  the  forms  characterising  this  zone.  As  regards 
thickness  he  refers  to  Prof.  Barrois*  estimate  of  the  M. 
cortestudinariurri  clialk  at  this  place  (82  feet)  and  says  about 
half  that  thickness  would  in  his  opinion  be  more  correct.  As  I 
feel  sure  that  Prof.  Barrois'  estimate  really  included  the  zone  of 
H,  planus,  we  may  assume  that  the  true  zone  of  M. 
coriesttuiinarium  is  here  from  40  to  50  feet  thick. 

Zone  of  Micraster  cov(tng\iinuw.--Dv.  Rowe  thinks  this 
comes  into  the  northern  side  of  the  cave  above  mentioned  and 
extends  northwards  for  some  distance,  reaching  to  a  bay  which 
is  backed  by  a  shingle  beach.     No  measurement  is  possible. 

Zone  of  Marsnpites. — About  one-sixth  of  the  distance  along 
the  cliffs  of  this  bay  he  found  plates  of  Uintacrinus  and  farther 
on  plates  of  Maraajntes  in  w-hite  chalk  with  fewer  layers  of 
flints,  but  no  complete  measurements  were  taken. 

ZoneofActinocainaxqiuvdrattLs. — Dr.  Rowe  writes :  "  We  then 
pass  to  a  yellower  anci  flintier  chalk,  which  extends  as  far  as 
Argyle  Point.  This  point  is  dra^vn  on  the  6-inch  map  but  is  not 
named.  ...  At  the  northern  end  of  this  we  traced  two 
yellow  nodular  bands  which  run  out  almost  due  cast  as  a  ledge 
terminating  in  a  rock.  These  bands  are  strangely  reminiscent 
of  the  '  Chalk  Rock '  of  the  Geological  Surve}^."  It  would  be 
interesting  to  compare  these  nodular  layers  with  those  which 
occur  in  the  Isle  of  Wight,  either  in  this  zone  or  in  that  of 
Marsupites  (see  p.  93). 

Dr.  Rowe  found  two  examples  of  Act  qwxdratus  or  Act 
granvlatus  in  or  near  these  nodular  layers,  but  could  not  obtain 
any  other  fossils  either  here  or  in  the  next  little  bay.  Beyond 
this  the  base  of  the  cliffs  is  much  obscured  by  seaweed,  but  at 
a  point  39  feet  from  the  plane  of  the  great  thrust-fault  which 
describes  such  a  beautiful  curve  through  the  cliff,  he  found  a 
good  specimen  of  Belemnitella  inucronata,  proving  that  the 
zone  ot  Act  qicadratus  does  not  extend  up  to  the  fault. 

.  Mr.  Strahan  describes  all  the  Upper  Chalk  on  this  side  of  the 
fault  as  "  hardened  into  a  limestone  which  can  only  be  scratched 
with  a  knife,  while  the  whole  cliff  is  traversed  by  veins  of  calcite 
and  innumerable  planes  of  slickensides."  Of  the  great  fault 
itself,  he  says  that  it  "  forms  a  very  sharp  line,  curving  upwards 
m  the  cliff  with  beautiful  regularity  and  keeping  exactly  parallel 
to  the  bedding-planes  of  the  beds  above  it.  These  strata  curve 
up  through  nearly  an  eighth  of  a  circle,  so  as  to  be  nearly  vertical 
in  the  top  of  the  cliff,  while  at  the  foot  of  the  cliff  they  dip  north- 
wards at  an  angle  of  about  40  degrees.  Through  the  whole  curve 
they  rest  upon  the  edge^  of  vertical  chalk  with  a  curiously  close 
imitation  of  a  great  unconformity.**    (Op.  dt  p.  169.) 

Zone  of  Belemnitella  Tniucronata.  —  It  appears  that  Prof. 
Barrois  was  mistaken  in  supposing  the  chalk  ol  the  cliffs  on  the 
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north  side  of  the  fiiult  to  belong  to  his  zone  of  Marfnipites.  He 
does  not  mention  any  fossils,  and  seems  to  have  been  led  to  this 
conclusion  by  the  comparative  fewness  of  flints.  Dr.  Rowe 
states  that  "  the  whole  clitt  from  the  fault  to  Studland  Bay  is  cut 
in  the  B.  raueromita  zone,  rich  in  the  name  fossil  and  in  all  the 
other  characteristic  fossils  associated  with  it,  and  at  the  time  of 
our  visit  perfectly  exposed  and  accessible  in  its  entire  extent." 
This  extent  of  clift'  is  about  a  mile  and  a  third  in  length  and 
forms  the  best  exposure  of  the  zone  to  be  found  in  England. 

A  little  way  beyond  the  fault  the  beds  become  horizontal  for  a 
space  and  then  dip  with  a  gentle  inclination  to  the  north. 

From  Dr.  Rowe's  measurement  it  appears  that  the  thickness 
here  exposed  is  about  250  feet,  starting  from  the  plane  of  the 
fault,  which  may  be,  and  probably  is,  aw)ve  the  base  of  the  zone. 
He  observed  a  marked  layer  of  large  nodular  flints  at  a  distance, 
measured  across  the  beds,  of  about  100  feet  from  the  cave  where 
the  fault  reaches  the  shore,  and  this  flint-layer  comes  down  to 
the  shore  100  yards  north  of  the  first  Pinnacle.  From  this 
point  a  strong  yellow  band  can  be  seen  at  the  top  of  the  clift* 
and  "  there  is  roughly  100  feet  between  the  strong  flint  line  and 
the  strong  yellow  band.  This  yellow  band  can  be  traced 
readily  to  Handfast  Point,  and  Old  Harry  [a  detached  pinnacle] 
shows  it  well.  It  is  about  two-fifths  up  the  cliff"  at  Handfast 
Point,  and  gradually  sinks  as  we  pass  into  Studland  Bay  till  it 
reaches  the  shore  on  the  west  side  of  the  fifth  little  headland 
west  of  Handfast  Point.  There  is  about  50  feet  of  chalk  above 
the  yellow  bond  in  Studland  Bay,  so  that  we  obtain  a  thickness 
of  Bel.  nutcronata  chalk  of  at  least  250  feet."  The  fossils 
obtained  by  Dr.  Rowe  from  this  zone  are  included  in  the 
list  given  at  the  end  of  this  chapter. 

Prof  Barrois  correctly  referred  the  chalk  of  Studland  Bay  to 
the  zone  of  BeL  raucronuta  and  gave  measured  particulars 
of  the  upper  118  feet,  in  which  flints  are  rather  more  numerous 
and  occur  in  layers  at  disUinces  of  from  3  to  8  feet  apart.  He 
does  not  mention  the  yellow  band,  but  his  measurement  ends  at 
a  bed  of  "  chalk  without  flints,  the  surface  of  which  is  indurated 
and  corroded."    (Recherches,  p.  103.) 

2.— The  Cliffs  from  Arish  Mell  to  Black  Bock 

Passing   westward   across   the   Isle  of  Purbeck  we  find   the 

Sper  Chalk  reaching  the  sea  again  at  Arish  Mell,  a  little  cove 
,oining  Worbarrow  Bay  and   in   the  cliffs  which  intervene 
between  this  cove  and  Mupe  Bay. 

On  the  eastern  side  of  Arish  Mell  the  chalk  is  inclined  at  such 
high  angles  that  it  presents  a  section  from  the  zone  of  Holaster 
planus  into  that  of  Actinocaniax  qvxidratus.  The  zone  of 
H,  planus  at  the  outer  point  is  not  accessible,  but  that  of 
Micraster  cortesstuulinariuni  can  be  reached  and  those  of  M. 
ciyrangninutn  and  Maraupites  are  well  exposed.  The  inmost 
side  of  the  Mell  exposes  the  zone  of  Bd.  mucronata,  and  the  A, 
qyachatvA  zone  can  af[ain  be  examined  in  the  western  cliff ;  stil^ 
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farther  west  toward  Mupe  Bay  the  lower  zones  come  in  again 
and  can  be  reached  along  the  shore  at  dead  low  tide.  The 
following  account  of  each  zone  has  been  compiled  from  the  par- 
ticulars given  by  Dr.  Rowe,  and  combines  wnat  is  seen  on  both 
sides. 

ZoTie  of  Holaster  planus. — The  northern  side  of  Mupe  Bay 
terminates  eastward  m  a  little  headland  known  as  Black  Rock ; 
part  of  this  headland  is  formed  by  the  zone  of  H.  planus^  which 
consists  of  a  greyish  nodular  chalk  without  any  conspicuous 
yellow  bands,  fts  thickness  is  about  50  feet,  and  it  includes  a 
band  which  is  crowded  with  a  small  rotiform  Bryozoon  allied  to 
Defranda. 

Zone  of  Micnister  cortestudhiariuni. — Dr.  Rowe  describes 
this  zone  as  consisting  of  yellow  nodular  chalk,  its  colour  con- 
trasting with  the  grey  of  the  H,  planus  zone  and  the  white  of 
the  M.  coranguinum  zone,  and  closely  coinciding  with  the 
zoological  boundaries  of  the  zone.  There  are  frequent  but 
irregular  layers  of  flints,  and  the  total  thickness  is  about  60  feet. 

Zone  of  Micraster  coranguinum, — This  zone  is  here  about 
200  feet  thick,  and  consists  of  white  chalk  vnth  regular  layers  of 
flints.  Fossils  appear  to  be  rare,  but  Dr.  Rowe  found  M, 
corunguinum  and  its  variety,  laiior,  with  Galerites  aUx)- 
galerus    and    the    varieties    of    Echinocorys    scwtatus    which 

irenerally  occur  in  this  zone.  There  is  no  physical  or  litho- 
ogical  feature  to  serve  as  a  guide  for  the  top  of  the  zone,  and 
Dr.  Rowe's  measurement  is  simply  to  the  point  where  he 
obtained  the  first  plate  of  Uiniacnnus, 

Zone  of  Marsuvites.—Dr.  Rowe  obtained  evidence  of  the 
existence  of  the  two  sub-divisions  of  this  zone  in  both  the  cliff 
exposures,  the  Uintacrinus  band  below  and  the  Marsupites 
band  above,  just  aa  in  Kent  and  Sussex;  but  the  thickness  of  the 
zone  as  measured  in  the  western  cliff  did  not  agree  with  that 
obtained  on  the  eastern  side  of  Arish  Mell.  The  measurements 
were : — 

Western  side.  Eastern  side. 
Band  containing  neither 

Marsupites  not  Offaster pUlula             15    feet.  15  feet. 

M  arsupites-hMi^                -        -        -     12i      „  24    „ 

Uintacriny^'hbXiA.             -        -        -     17       „  30    „ 


M\  feet.  69  feet 

As  to  the  explanation  of  this  difference.  Dr.  Rowe  does  not  think 
that  it  is  due  to  a  greater  amoimt  ot  compression  on  the  western 
side,  but  remarks  that  the  limits  of  the  zone  were  only  fixed  by 
actual  collection  of  the  Crinoid  plates,  and  he  thinks  it  possible 
that  they  may  really  be  distributed  over  a  greater  thickness 
than  he  actually  proved  at  his  visit.  Several  other  character- 
istic fossils  were  found,  but  no  Belemnites  occurred. 

Zone  of  Actinocamax  quadratus, — The  base  of  this  zone  was 
fixed  by  the  first  occurrence  of  Offaster  pillula  and  on  the 
eastern  side  ot  Arish  Mell  this  was  15  feet  above  the  point 
where  the  last  plate  of  Marsupites  occurred.    But  the  best 
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exposure  of  the  zone  is  on  the  western  side,  where  it  occupies 
the  cliffs  from  Barber's  Rock  to  a  point  inside  Arish  Mell, 
passing  round  Cockpit  Head. 

Dr.  Rowe  remarks  that  "  the  southern  face  of  Cockpit  Head 
is,  without  exception,  the  best  weathered  and  most  fossiliferous 
that  we  have  worked.  .  .  .  The  reason  is  that  the  cliff  is 
protected  by  a  barrier  of  fallen  blocks  of  chalk  which  prevent 
the  face  from  being  pomided  by  the  shingle.  The  section  is  not 
unifonnly  good,  as  in  parts  it  is  overgrown  by  seaweed.  The 
chalk  is  massive,  white,  free  from  marly  veins  and  bands,  but 
much  slickensided  and  veined  with  calcite.  .  .  .  Roundine 
the  comer  into  Arish  Mell  we  find  a  splendid  surface  of  vertical 
chalk  facing  due  east.  This  is  all  in  the  Act.  qvxidratua  zone 
up  to  the  point  indicated  in  Plate  VI. "  (of  Dr.  Rowe's  paper;. 

Professor  Barrois  mentions  that  there  are  frequent  layers  ot 
flints,  which  are  mostly  small,  pmk  outside  and  black  inside. 

Dr.  Rowe's  measurement  of  this  zone  gave  a  thickness  oi 
354  feet,  the  base  being  fixed  by  the  occurrence  of  Act 
granvlatus  and  Offaster  p%llvla  opposite  Barber's  Rock,  and  the 
summit  by  the  occurrence  of  Bd,  Taucronata  a  few  feet  above 
that  of  a  fine  Act  quadratvs,  Offaster  pillula  being  abundant  in 
patches  throughout  the  section.  Other  fossils,  such  as  Echino- 
corys  8cutatu8  var.  gihbus,  Bowrgueticrinus,  ParasmUia  and 
Bryozoa  are  common,  and  several  examples  of  Terebratulina 
Bowei  were  found  at  the  base  of  the  zone. 

ZoTie  of  BdemniteUa  mucronata. — This  zone  is  only  exposed 
on  the  western  side  of  Arish  Mell,  where  the  cliff  becomes  low, 
but  the  exposure  is  much  obscured  by  grass-covered  talus.  It 
has  yielded  many  examples  of  Bd.  mucronatUy  with  specimens 
of  magaa  pnmilus.  Crania  costata,  Kingena  lima,  TerdrratiUa 
eamea  and  other  characteristia  forms.  Dr.  Rowe  found  that  182 
feet  bfthis  zon6  come  in  "  from  the  point  of  junction  with  the 
Act  quadratus  zone  to  the  sluice,"  or  stream,  where  the  cliff* 
ends.  It  should  also  be  mentioned  that  the  exposure  of  this 
zone  in  Arish  Mell  had  not  been  suspected  before  Dr.  Rowe*s 
examination  of  the  coast. 

,,  3.— Durdle  Cove. 

Frdfii  Arish  Mell  and  Black  Rock  the  narrow  outcrop  of  the 
uptilted  Upper  Chalk  strikes  westward  and  passes  behind 
Lulworth  Cove,  St.  Oswald's  Bay,  Man-of-War  Cove  and  Durdle 
Cove.  The  zones  of  Holaster  planus  and  of  Micraster  cortes- 
tudinariuvi  are  exposed  in  St.  Oswald's  Bay,  but  are  there  very 
mucli  crushed  and  compressed.  They  also  come  into  the  cliffe 
which  form  the  western  side  of  Durale  Cove,  where  they  are 
traversed  by  one  of  the  remarkable  slide-planes  which  have  been 
described  by  Mr.  Strahan;  this  is  well  illustrated  by  Fig.  41, 
which  is  reproduced  from  the  Memoir  on  the  Geology  of  the  Isle 
of  Purbeck,  and  also  by  Plate  III.  of  Dr.  Rowe's  paper. 
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The  slide-plane  forms  a  marked  feature  near  the  base  of  the 
cliflf,  and  Dr.  Rowe  observes  that  it  traverses  two  sets  of  zones. 
"  In  its  eastern  part  it  has  the  zone  of  TerebratvZina  gracilis 
above  and  below  it ;  a  little  further  west  the  zone  of  T.  gracilis 
above  and  that  of  H.  planus  below ;  while  in  the  western  and 
greater  part  of  its  extent  it  has  the  H.  planus  zone  above  and 
the  M.  cortestudinarium  zone  below,  except  where  the  projec- 
tions at  the  foot  of  the  cMft'  jut  out  farther,  where  it  is  again  in 
the  H,  planus  zone " 

"  Along  the  line  of  weakness  caused  by  the  slide-plane  the  sea 
has  hollowed  out  a  series  of  little  caves  (see  Fig.  42).  The  roof 
in  all  cases  has  been  pushed  northward  over  the  floor  of  the 
care.  In  the  eastern  part  of  the  slide-plane  the  separation  has 
been  marked  by  a  sharp  line,  but  in  the  western  part  the  floor 
of  the  cave  has  been  ^ound  up  into  a  paste  and  cemented 
together  again."    {Op.  ctt.  p.  16). 

Dr.  Rowe  found  that  the  promontory  which  forms  the 
western  horn  of  Durdle  Cove  consists  of  the  grey  nodular  chalk 
of  the  if.  planus  zone  and  passing  round  this,  "we  enter  a 
recess  leading  by  a  narrow  water-channelled  surface  to  [the 
combe  calle^  Scratchy  Bottom  above :  .  .  .  .  and  tnen 
follows  a  good  section  of  inverted  M,  cortestv/Hnurium  and  M. 
coranguinum  zones.  The  slide-plane  is  here  seen  as  an  oblique 
line  half  way  up  the  low  cliff  at  its  southern  end,  intersectmg 
the  M,  cortestudinariurri  zone."    (Rowe,  Op.  cit  p.  1 6.) 

Dr.  Rowe  found  this  the  best  exposure  of  the  zone  of  M, 
cortestudinxLrium  for  fossil-collecting  on  this  coast,  but  even 
here  it  is  not  so  fossiliferous  as  in  Kent  or  Sussex.  He  notes 
however  that  Micrasters  are  fairly  abundant  and  that  the  broad 
Jf.  cortestadinarittm  is  here  commoner  than  the  oblong  M, 
prcBcursor,  Taking  the  upper  limit  of  the  zone  at  a  strong 
yellow  nodular  band  he  gives  its  thickness  as  70  feet ;  the  beds 
are  nearly  vertical,  but  are  reversed  so  as  to  dip  seaward  at  an 
angle  of  about  75°. 

This  zone  is  succeeded  by  that  of  M.  coranguinwra  which 
occupies  the  cli£f  to  the  head  of  the  recess  and  is  estimated  by 
Dr.  Kowe  to  be  240  feet  thick.  This  thickness  may  possibly 
include  a  little  of  the  zone  of  Marsupites,  but  he  could  not  find 
any  plates  of  Uintacrinus  though  he  obtained  a  Marsupites 
plate  from  a  rabbit-hole  about  60  paces  north  of  the  edge  of  the 
cliif. 

The  cliffs  of  Swjtc  Head  are  in  the  zone  of  M,  coranguinum 
but  their  base,  being  always  washed  by  the  sea,  is  not  accessible. 

4.— White  Nothe  to  Bats  Head. 

The  cliffs  near  White  Nothe  present  another  good  section 
through  the  Upper  Chalk  from  its  base  to  the  higher  part  of 
the  Actinocavfhax  qwidratv^  zone.  The  lower  zones  can  be 
eiutmined  both  to  the  west  and  to  the  east  of  White  Moth^ 
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Point ;  on  the  western  side  thev  are  high  up  in  the  cliffi  The 
Signal-house  of  the  Coastguara  Station  stands  on  the  zone  of 
M,  coraYvguinum,  and  thence  the  beds  dip  down  to  the  shore 
below  West  Bottom  {see  Fig.  41  ^  p.  100). 

There  is  a  zigzag  path  leading  up  from  the  undercliff  to  the 
Signal  Station,  and  west  of  this  are  two  blufts  which  expose  faces 
of  the  B,  planus  zone,  and  the  path  ^ves  a  section  through  the 
succeeding  zones.  In  1875,  this  section  was  clear  enough  to  be 
measured,  and  was  examined  by  Prof  Barrels,  whose  account  is 
quot^^-^ow :—  ^ 

.  fc  .f40«  White  Chalk  with  greyish  flints  in  thin  discon-* 

tinuous layera     -        -        -        -        -"*--.,  33 
9.  Chalk  with  flints  which  aite  pink  ou^ide  aadrpito* 
«g.;^  y  •       gtQj  within,  Micraster  caranguinimy  fEckiw^ 
-%%]  '      conus  conicuff,  and  niany  Cidaris  spines*^  *  ''-r^    66 
8.  Chalk  with  pink-stained  flints ;  many  f ragpoe&ts 

of  large  Inocerami  at  the  base.    Itioc.  involuttia  -   .  50 
^7.  Very  hard  nodular  bed  with  rolled  foesib^-     "^/^    H 
'6.  Chalk  with  pinkish  flints  resting  on  a  bed  of 

yellow  nodular  chalk         -       -        -       -       r      4 
5.  Chalk  with  many  scattered  flints,  pink  outride,  > 

ScUenia  grantdosa  and  many  Cidaris  spines   -     13 
4.  Chalk  with  blackish  flints  in  layers,  some  of  which 

are  continuous  floors       -       -       -       -       -     10 
3.  Chalk  with  black  flints,  some  of  them  cavernous, 
and  several  beds  of  nodular  chalk,  one  at  the 

base -66 

y       fje\^'  Chalk  with  scattered  soUd  black  flints,  Hokuter 
^^     J         planusy  Micraster  corbovis,  Cidaris  davigera,  etc.    50 
,    *       I  1.  Hard  nodiilar  chalk  with  Holaster  planus  and 
phnus.  [        Micrasters Ij 

M3    ,  . 

We  have  printed  the  above  because  Dr*Rowe"Svas  unable  to 
measure  this  seetion,  while  Prof.  Barrels  did '/not  examine  the 
sliore  section,  and  consequently  no  one  has  yet' compared  the 
two.  Prof.  Barrels  thougnt  the  highest  chalk  below  tne  Signal 
might' belong  to  the  zor^e  Of  Mc^aupites,  bu^t  Dr.  Rpwe  found  the 
outcrop  of  this  zone,  with  platen  of  Uintac^invJ^  Und  Marau/pites 
in  their  proper  relative  position,  in  at  slipped  ihce  at  the  top  >pf 
the  cliff,  100  yards  east  of^the  Signal. 

Passing  to  the  shore  east  of  the  Signal,>a  fine  line  of  cliffs  is 
found. with  a  shingle  beach  below,  and  this  is  best  reached  by 
boat  when  the  sea  is  suflSciently  smooth  for  landing.  This  section 
is  illustrated  in  Fig.  41,  which  has  been  drawn  from  the  six-inch 
map,  and  the  data  given  in  Dr.  Howe's  paper,  from  which  also 
the  following  descriptions  are  taken,  with  some  abridgements. 

Zone  of  Holaster  planus. — ^The  base  of  this  zone  is  taken 
by  Dr.  Rowo  at  the  lower  of  two  marl-seams  which  are  8  feet 
apart,  but  he  does  not  state  how  tar  this  is  above  the  layers  of 
green-coated  nodules  in  the  TerebratvliTia  zone.  He  describes 
the  chalk  of  the  H,  planus  zone  as  grey  and  marly,  with  yellow 
nodular  bands  which  show  up  strongly.     It  contains  many  flints 
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in  the  upper  part,  but  fewer  in  the  lowest  18  feet.  Tlie  total 
thickness  IS  51  feet,  the  summit  being  taken  at  a  layer  of  large 
flint  nodules  which  comes  to  the  shore  "  below  a  tine  upstanding 
mass  of  chalk,  locally  known  as  the  Fountain  Rock,  *  though 
unnamed  on  the  6-inch  Ordnance  map. 

Zone  of  MicTOster  corlestudimiriuin. — This  appears  to  consist 
of  bands  of  hard  smooth  chalk,  alternating  with  beds  ot  hard 
yellowish  and  nodular  chalk,  the  latter  not  being  so  prominent 
as  usual,  and  fossils  being  few  and  fragmentary.  The  flints  are 
black  with  thin  white  crusts.  Dr.  Rowo  carries  the  zone  up  to 
"  a  strong  ferruginous  line  of  crushed  and  crowded  flint,  from  4 
to  8  inches  thick,  which  reaches  the  shore  about  100  yards  east 
of  Middle  Bottom."  Between  these  limits  the  thickness  is  113 
feet,  which  is  21  feet  more  than  thu  lliickness  assigned  to  this 
zone  by  Prof  Barrels  below  White  Nothe  Signal. 

ZoTie  of  Micraster  coranguinuvi.  —  Of  this  Dr.  Rowe 
writes :  "  The  cliff  at  this  point  begins  to  show  much  evidence  of 
disturbance.  The  beds  are  dipping  sharply,  and  a  fine  series  of 
sHde  planes  comes  into  view.  We  trace  this  zone  from  the  strong 
ferruginous  flint-band  to  the  first  slide-plane,  above  which  is  the 
grass  slope  on  which  the  seagulls  nest.  The  chalk  is  firm,  and 
generally  white,  with  regular  lines  of  flints,  with  black  cortices 
m  the  lower  part,  passing  into  ^ey  in  the  upper  part.  Fossils 
are  rare,  hut  Micraster  corangiixnwm  (ty^o)  Gtaleritea alhogalema 
with  ovate  and  dome-shaped  varieties  of  Echiriocorya  were  found. 
For  the  thickness  of  the  zone  he  obtained  a  total  of  171,  but 
observes  that  this  is  probably  an  under-estimate.  We  notice, 
however,  that  this  figure,  combined  with  that  of  the  underlying 
zone,  makes  a  total  of  284  which  is  not  far  from  normal. 

Zone  of  Marstipites. — "From  the  first  to  the  second  slide- 
rdane  is  81  feet,  and  from  the  second  to  the  third  is  30  feet. 
These  measurements,  curiously  enough,  coincide  with  the  dis- 
tribution ot  UinfucrinuS'  and  Marsupites-  plates  .  .  .  The 
characteristic  Echinocorys  vulgaris  var.  pyrartiidatus  was  fairly 
abimdant  from  bottom  to  top  of  the  zone  .  .  .  The  nipple- 
shaped  head  of  Bourgueticrinus  was  also  found.  The  flints  are 
ol  a  pale  grey  colour  with  thick  cortices  but  not  zoned."  The 
above  measurements  give  a  thickness  of  111  feet  to  the  zone  hera 

Zone  of  Actinocainax  quadratiis. — *'  This  zone  extends 
along  the  shore  for  over  half  a  mile,  and  were  it  not  so  battered 
by  the  shingle  would  yield  many  fossils."  It  is  traversed  by 
many  slide-planes,  and  Dr.  Rowe  used  these  as  fixed  points  by 
means  of  which  he  obtained  the  following  measurements : — 

Feet. 

•    F^>ra  3rd  to  4th  slide-plane 50 

„      4th  „  r)th         „  64 

„      5th  „  6th  „  48 

„      6th  „  7th  „  26 

„      7th  „  8th         „  26 

204 
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This  takes  the  beds  to  a  layer  of  flints  below  the  centre  of  Middle 
Bottom,  where  they  become  almost  horizontal  for  a  space  of 
about  100  yards,  rrom  this  flint-bed  to  the  top  of  tne  cliff* 
above  is  about  50  feet,  which  gives  a  total  of  254  feet 

"  For  several  hundred  yards  east  of  Middle  Bottom  the  cliffs 
are  not  much  disturbed,  out  as  soon  as  we  reach  the  point  where 
the  beds  curve  up  sharply,  slide-planes  are  common,  and  we 
enter  a  belt  of  shattered  chalk.  The  chalk  on  the  east  side  of 
Middle  Bottom  must  be  a  repetition  of  that  on  the  west  side, 
and  we  here  obtained  a  measurement  of  273  feet,"  which  would 
give  a  total  of  323  feet  as  exposed.  This  measurement  was  taken 
to  a  point  almost  opposite  the  Calf  Rock,  where  he  found  the 
tip  oT  a  Belemnite,  while  a  few  yards  further  east  a  plate  of 
Jnarsupitea  was  found  marking  the  lower  limit  of  the  Act 
qvxidratus  zone.  As  a  result  of  the  measurements,  Dr.  Rowe 
expresses  the  opinion  that  the  zone  cannot  be  less  than  350  feet 
thick,  and  it  will  be  remembered  that  at  and  near  Arish  Mell 
the  thickness  was  estimated  at  354  feet. 

The  lower  part  of  the  zone,  where  dipping  eastward,  consists 
of  firm  white  chalk  wth  occasional  layers  of  flints.  "  Eastward 
of  the  sixth  slide-plane,  and  up  to  Middle  Bottom,  the  chalk 
alters  much  in  appearance,  and  exhibits  a  yellowish  tinffe. 
.  .  .  The  flints  were  of  the  same  appearance  as  in  the 
MarsupiteS'Zone.  The  last  strong  band  of  Cardiaster  pUlula 
[Offaster]  was  found  at  the  seventh  slide-plane,  east  ot  Middle 
Bottom." 

As  regards  other  fossils.  Dr.  Rowe  only  found  Actinocainax 
grantUatvs  at  the  base  of  the  zone,  but  below  Middle  Bottom  he 
discovered  a  band  of  chalk,  about  15  feet  thick,  in  which  Act. 
qvuadratua  was  not  uncommon,  and  he  was  able  to  trace  this 
band  for  nearly  a  sixth  of  a  mile.  Echinocorys  scutatua  var. 
gibbus  is  abundant  throughout,  but  generally  broken  by  the 
Dattering  of  the  shingle. 

The  highest  part  of  the  Upper  Chalk  is  seen  in  several  quarries 
north  of  Lulworth,  in  the  country  between  that  place  and  Wool.  In 
Lulworth  Park  are  two  pits  near  the  North  Lodge,  loth  of  which 
appear  to  be  in  the  zone  of  Bel,  mvx^onata,  both  showing  chalk  with 
flints  and  many  small  fossils,  among  which  Magaa  pumilus  occurs. 
The  eastern  pit  is  close  to  the  Eocene  boimdary,  and  is  consequently 
in  the  highest  chalk ;  it  contains  some  large  "  Paramoudra  "  flints 
like  those  of  the  Norwich  chalk,  and  Professor  Barrois  obtained  BeL 
mucronata  here. 

Mr.  Strahan  records  chalk  with  a  few  flints,  containing  many 
Bd,  mucronata,  in  a  quarry  north  of  Combe  Keynes,  while  to  the 
south  of  that  place,  and  on  a  lower  horizon,  a  soft  white  almost 
flintless  chalk  has  been  dug,  which  may  belong  to  the  Act. 
quadratus  sone. 
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The  Country  round  Dorchester. 

Passing  now  to  the  more  western  part  of  Dorset,  some  account 
may  be  given  of  the  succession  which  can  be  made  out  from  the 
inland  quarries  in  the  neighlx)urhood  of  Dorchester. 

Chalk  Bock  and  Associated  Beds. — Some  interesting 
sections  occur  in  the  valley  of  the  Winterborne,  south-west  of 
Dorchester,  where  a  si>ecial  facies  of  the  Chalk  Sock  is  found,  and 
where  faults  have  produced  some  curious  appearances. 

The  most  remarkable  section  is  that  of  a  quarry  at  the  bottom 
of  the  road  to  Dorchester,  l^etween  Winterl)orne  Abbas  and  West 
Steepleton.  This  section  was  lirst  described  by  Professor  Barrois 
in  1876,*  who  drew  attention  to  the  remarkable  bed  of  conglom- 
erate here  disclosed,  and  stated  that  it  included  fragments  which 
had  been  derived  from  the  Upper  Greensand.  The  section  as  I  saw 
it  in  1893  appeared  to  exhibit  the  following  descending  succes- 
sion :— 

Feet 
White  chalk  with  black  flints  (not  measured). 

Rough  nodular  chalk  with  grey  flints     -        -        -         about  18 

Beds  not  seen „  10 

Hard  conglomeratic  chalk „  4 

Massive  whitish  chalk,  full  of  quartz  and  glauconite    -    „  6 

Hard  conglomeratic  chalk      -        -        -        -    seen  for    „  2 

The  beds  dip  at  about  50°  to  N.,  15°  E.,  and  they  look  as  if  they 
were  successive  l)eds  in  natural  order,  but  the  absence  of  any  similar 
succession  elsewhere  made  me  suspect  that  this  appearance  was 
false,  and  was  due  to  a  fault ;  I  thought  it  possible  also  that  the 
conglomerate  might  really  be  *'  fault  rock."  Mr.  Strahan  subse- 
quently visited  the  quarry  and  ascertained  that  the  conglomerate 
is  a  single  bed,  duplicated  locally  by  a  fault  which  strikes  obliquely 
across  the  oxitcrop  but  has  no  great  throw.  He  is,  however,  of 
opinion  that  the  conglomerate  is  not  fault  rock  but  a  contem- 
poraneous bed  ill  situ  and  lyiag  above  the  glauconitic  chalk.  This 
conglomerate  consists  of  fragments  of  hard  yellowish  chalk  like 
Chalk  Kock  embedded  in  a  matrix  of  crystalline  granular  calcite  ; 
here  and  there  also  are  small  rounded  inclusions  of  glauconitic  sand 
which  certainly  have  the  appearance  of  *'  a  greensand,"  as  Professor 
Barrois  states.  Moreover,  Mr.  W.  Hill  has  examined  a  slice  of  the 
rock,  and  reports  that  even  under  the  microscope  these  inclusions 
have  a  strong  resemblance  to  certain  "  Upper  Greensand  "  sand- 
stones. Fm'ther,  I  obtained  from  it  the  lower  valve  of  a  large 
Neithea  qtuidricostata,  which  is  a  form  I  have  never  before  found 
in  Chalk  Eock,  but  is  common  in  the  Greensand.  The  only  other 
fossils  foimd  were  Lima  Hoperi,  Rhynchondla  Cuvieri,  and  a 
Micraster,  all  of  them  small. 

It  is  difficult  to  reconcile  these  facts  with  the  view  that  the 
conglomerate  is  Chalk  Rock  in  situ,  and  whether  it  is  or  is  not 

*Recherches  sur  le  Terr.  Cr^t.  Sup.,  p.  87. 
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in  situ  we  are  of  opinion  that  it  contains  fragments  of  sandstone 
which  appear  to  have  been  derived  from  Selbomian  strata. 

About  a  mile  south-east  from  this  section,  and  at  the  openmg  of 
a  side  valley  known  as  Kit  Hill  Bottom  (near  Eew  Farm),  is  a  quarry 
which  shows  the  following  beds  :— 

Feet 
Hard  nodular  chalk  with  a  few  glauconite  grains  -       -       -      2 
Rough  grit1;y  chalk  full  c^  quartz  and  glauconite,  and  a  few 

flints  containing  the  same  minerals    -  -       -       -      1 

Very  hard  nodular  chalk,  dull  and  greyish,  passing  into         -      5 
Less  hard  nodular  chalk  with  Micraster  corbovis        -      *  *      6 

Here  the  rough  gritty  chalk  resembles  that  of  the  first  quarry,  but 
there  is  nothing  like  the  conglomerate. 

Another  pit  west  of  the  above,  and  a  Uttle  lower  on  the  slope, 
shows  at  the  top  hard  cream-coloured  chalky  limestone  with  massive 
white  chalk  below,  and  still  lower  rubbly  grey  and  white  nodular 
chalk.  The  exposure  is  much  weathered  and  talused,  and  no 
fossils  were  seen. 

At  Winterborne,  St.  Martin  in  a  pit  south  of  the  Manor  House, 
Chalk  Rock  of  the  usual  West  Uoi-set  facies  is  seen.  It  con- 
sists of  hard,  compact,  yellowish  chalk,  weathering  into  loose  angular 
lumps,  and  containing  the  usual  fossils;  Holaster  planus,  Lima 
Hoperiy  Spandylus  spinosus,  Terebratvla  camea,  and  TerebrattUina 
striata  being  found  in  a  few  minutes. 

In  this  valley,  therefore,  the  Chalk  Bock  beds  seem  to  present 
three  different  facies  in  as  many  exposures. 

At  Park  Farm,  on  the  north  side  of  the  valley,  soft  white  chalk 
with  flints  having  a  white  rind  and  a  milky  white  band  beneath  it 
is  seen,  and  these  are  characteristic  of  the  M.  coranguivwm,  zone. 
Clearly  a  fault  runs  along  the  valley,  and  at  this  point  brings  the 
HoL  planus  zone  against  that  of  M.  coranguinum. 

At  the  comer  of  the  road,  west  of  Ashton  Farin,  is  a  quarry 
in  hard  lumpy  chalk  with  layers  of  flints  which  are  black  inside 
with  verv  thin  rinds.  The  onlv  fossils  obtained  wfere  a  broad 
Micraster  (?  cortestudinarium)  and  Terebratvla  semiglobosa,  but 
I  have  little  doubt  that  it  is  in  the  zone  of  M.  cortestudinarium. 

About  a  mile  from  this  quarry  on  the  road  to  Upwey  are  two 
quarries,  the  upper  of  which  shows  chalk  with  rough  carioxis  flints, 
possibly  belonging  to  the  zone  of  M,  coranguinum.  The  lower  one 
is  in  more  nodular  chalk  with  similar  flints  and  a  course  of 
nodular  chalk  stained  yellow  by  iron  pyrites ;  below  this  course  I 
found  a  Micraster  cortestudvrvariAim, 

The  lower  beds  are  then  cut  off  by  the  Ridgeway  fault. 

Zone  of  Micr.  coranguintim.  The  chalk  of  this  zone  occupies 
part  of  the  highest  ground  to  the  north  and  west  of  Dorchester, 
and  gradually  descends  to  the  level  of  the  River  Frome.  Thus, 
in  the  Cerne  Valley  it  occupies  the  valley-slopes  between  God- 
manstone  and  Charminster,  but  there  are  only  small  exposures 
of  it.    On  the  north-west  it  comes  down  to  the  river  at  Strattoi^ 
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and  Bradford  Peveril.      It  has  already  been  mentioned  that  a 

small  exposure  of  this  chalk,  containing  flints  with  a  milky-white 

band,  occurs  at  Martinstown,  south-west  of  Dorchester. 

The  chalk  in  the  quarry  mentioned  by  Professor  Barrois  near 

Higher  Burton  (east  of  Charminster)  may  be  near  the  junction 

of  the  M.  coraTigumum  and  Marsupites  zones.    His  description  of 

the  section  is  as  follows  : — 

Feet 

Soft  white  chalk      -       --       - 3 

liayer  of  flints,  which  are  pink  outside. 

Soft  chalk  with  two  layers  of  black  flints    -       -       -       •      5 

From  the  upper  bed  above  the  pink  flints  he  obtained  0 faster 
pillulaf  Echinocorys  gibbus,  Cyphosoma  elongatumy  Inoceramus 
and  Porosphcera  globularia.  1  should  have  referred  this  pit  to 
the  M,  coranguinum  zone,  but  the  presence  of  Of  aster  pillula 
certainly  suggests  a  higher  horizon. 

Zone  of  Marsupites.  This  zone  is  probably  continuous 
throughout  Dorset,  though  besides  the  places  near  Blandford  (see 
p.  121)  I  only  know  of  two  localities  where  plates  of  Marsupites 
have  actually  been  found.  One  was  discovered  by  my  colleague, 
Mr.  Reid,  and  is  near  Dewlish,  in  the  cutting  on  the  road  to  Mil- 
borne,  which  shows  chalk  with  grey  flints,  overlying  soft  massive 
chalk  with  few  flints,  and  containing  plates  of  Marsupites,  He  also 
found  similar  chalk  with  Marsupites  in  the  road  to  Parsonage 
Farm.    In  each  case  the  exposure  is  on  the  contoiu*  of  300  feet. 

The  other  locality  is  at  Bradford  Peveril,  north-west  of  Dor- 
chester, and  the  pit  is  on  the  Dorchester  road  near  the  pound, 
a  small  exposure  showing  fii'm  homogeneous  chalk  with  scattered 
flints,  grey  or  black  inside,  with  a  thick  white  rind,  and  some  of 
them  pink  outside.    I  found  two  plates  of  Marsupites  here. 

Zone  of  Act,  quadratus.  To  this  zone  I  refer  most  of  the  chalk 
with  thick-crusted  flints,  which  is  exposed  here  and  there  to  the 
west  of  Dorchester. 

South  of  Dorchester  and  north-west  of  Herringstone  is  a  quarry 
in  chalk,  with  a  fair  number  of  flints,  which  have  a  thick  rind 
and  are  yellow  outside ;  there  is  also  a  band  of  white  marl  with 
lenticular  seams  of  grey  marl,  but  I  could  not  find  any  fossils. 

The  cutting  on  the  Great  Western  line  west  of  Maumbury 
Ring,  Dorchester,  may  be  in  this  zone,  but  I  could  not  find  any 
Belemnites,  only  Terebratula  carnea  and  small  ovate  Echinocorys, 

Zone  of  Belemnitella  mueronata.    The  lower  part  of  this 

zone  is  exposed  in  the  railway  cutting  on  the  Great  Western  line 
south  of  the  Bridport  road  ;  this  is  about  30  feet  deep,  in  firm 
white  chalk,  with  layers  of  flints  at  intervals  of  4  or  5  feet,  and 
a  few  scattered  nodules.  The  flints  are  of  very  irregular  shape, 
some  small  and  flat,  some  roundish,  others  finger-shaped,  from 
4  to  12  inches  in  length.  All  have  white  rinds  of  moderate 
thickness,  varying  from  a  quarter  to  a  third  of  an  inch.    Here 
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and  there  the  chalk  is  rough,  and  full  of  Inoceramus  fragments, 
but  most  of  it  splits  with  a  clean  smooth  fi*acture.  There  is  no 
appreciable  dip.  The  fossils  found  were  Belemnitdla  mucronata 
(several),  Spondylus  latus,  Echinocorys  scutatuSy  and  Bourgue- 
ticrinus  ellipticus. 

West  of  the  railway  station  and  south  of  Fordington  is  another 
cutting  in  the  same  zone,  but  probably  in  higher  beds.  Below 
the  level  of  the  rails  on  the  north  side  blocky  chalk  with  scattered 
flints  of  elongate  shape  and  yellow  coating  has  been  quarried, 
and  resembles  that  just  described.  On  the  south  side  a  face  of 
some  30  feet  is  shown  above  the  rails,  and  this  contains  very  few 
flints.    Bd,  mucronata  occurs  in  both  exposures. 

South-east  of  Dorchester,  at  Whitcombe,  there  is  a  pit  in  chalk 
with  a  few  flints,  and  at  West  Knighton  a  pit  worked  in  two 
levels,  showing  altogether  about  26  feet  of  chalk,  almost  destitute 
of  flints,  but  I  did  not  find  any  Belemnitella,  Dr.  Barrois,  how- 
ever, found  B.  mucronata  in  pits  at  Warmwell  and  Owermoyne. 

North-east  of  Dorchester  chalk  with  Bel.  mucronatay  and  con- 
taining a  few  scattered  flints,  occurs  at  Stinsford  and  Kingston. 
Professor  Barrois  found  the  characteristic  fossil  also  at  Piddletown 
and  Burleston.  Thus  there  is  sufficient  evidence  to  show  that 
this  zone  forms  a  bordering  band  round  the  western  end  of  the 
Eocene  area. 

Fossils  from  the  Upper  Cualk  of  South  Dorset. 

The  following  list  of  fossils  from  the  Upper  Chalk  of  South 
Dorset  has  been  compiled  from  the  species  recorded  by  Professor 
Barrois  in  his  "  Recherches,"  by  Dr.  Howe  in  his  paper  on  the 
Chalk  of  Dorset,  and  by  Mr.  Strahan  in  his  Memoir  on  the  Isle 
of  Purbeck  and  Weymouth,  supplemented  with  a  few  found  by 
myself  near  Dorchester  : — 
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Pisces, 

Corax  falcatus,  il.gr. 

Lamna  appendiciilata,  Ag.     - 
Oxyrhina  Mantelli,  Ag. 
Ptychodus  sp. 

Cephalopoda, 
Actinocamax  granulatus,  Blainv, 

„  quadratus,  Defr, 

Ammonites  leptophyllus,  Sharpe 
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miicronata,  Schloth.  • 

(r'lulrjiijiod'i. 
Aporrlwus  atenopterj,  GMf.   tT^Mantelli) 
Dentalium  ap.  (?  plan icosta turn)    • 

Solariella  geniniatA,  Jioie.  (Turbo). 

Lamelli'minchiata. 
InoceraiDUB  Brongniarti,  Sow.     ■ 
t    „            Cwvieri,  How.    -        -        -        - 
„           JDVolutua,    Sme. 

I,ima"(liitemp!eann,  d'Orb.    .        -        -        - 
„      cF.  Oalliennei.  d'Orb.    -        -        .        . 
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..      Hpperi,    S(w.     ^-                -        .        . 
Ofltrea  hippopodiuiii,  yitt*.  .       -       -       . 
„      normaniana,  d'Orb.    -        -        -        - 
„     seiuiplana,  AW,           .... 
„      vesicularis.    Lam.       .        -        .        ■ 
„     wegmanniana,  (TOrb.  -        ■        -        ■ 
Pecten  creloeua,  Defr.  {-nitidui%  Manl.) 

„      (Neilliea)  rjuinquecostatus,  Soti:  - 
I'Hcatiila  Burroisi,  Pei-<m.       .        -        -        . 
„        8iRilliiia..S.7'.H'«-d«'.      -        -        - 
Spondyhis  diiteniiilciitnw,  d'Orb.  ■ 

laliiB,  Smi: 

„          apinoeiix.    Sow.     -        •        -        ■ 
Teredo  aniphisbiBna,  addf.   -        -        -        - 

Brachiopoda. 
Crania  eijnaberfrerisis,  Heti.   -        -        -        . 
„      pansiensia,  Defr.        .        .        .        . 

Kingena  litiia,  Defr. 

Magaa  puiiiihis,  Sow.     -        -        -■        - 
Rhvnchoiiella   Cnvim,   d'Orb.      - 
limbata.     Schiolh.       ■ 
Uneoiata,  PAi7.   -        -        -        ■ 
„           plicatUia,  Sow.    .        -        -        ■ 
„           reedensis,  Et/i.   .        -        -        . 
Terebratnia   Wpiicatat    Sotv.      -       -       ■ 
„          carnea,   Sow.      -        -        -        ■ 
„          semiglobosa.  Sou:      - 
Terebratnlinft  gratiliB,  Schiolh.    (var.)- 
striata.  Wahl.- 
„              Rowei,  KUchxn 
Thecidiuiii  Wetherelli.  Worrii 
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Bryozoa. 
Entalophora  sp.     .       .       . 
Eschanna  indegans,  Lonsd.  - 
Idmonea  cretacea,  Edw. 
Multinodelea  tuberoea,  cPOrb. 
Spiropora  cenomana,  ctOrb, 

AniielidoL 
Ditmpa  difformifl,   Lam,     - 
Sdrpula  ampuUacea,  Sow.     - 

fluctuata,  Sow. 

granulata,  Sow. 

muia.    Sow. 

lumbricuB,  Defr. 
'  macropus,  Sow. 

plana,  Woodw. 

plerus,  Sow, 

turbinella,  Sow. 
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Echinodermata. 
Bourgueticrinus  ellipticus,  Miller - 
Callidenna  latum,  Forbes 
Cardiaster  ananchytis,  Leske  - 
Cidaris  davigera,  Konig 

hirudo,  Sorig.  -       -       - 
peromata,  Forbes 
pleracantha,  Ag. 
sceptrifera,  Mant.     - 
serrata,  Desor  - 
serriferay    Forbes 
subvesictdosa,    d^Orb. 
Oypbosoma  elongatum,  Coti. 
„  corollare,  Klein  - 

„  KcBnigi,  MwiU.   - 

radiatum,  Sorig. 
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Echinocorys  acatatus,  Leske  - 

Gkilerites  albogalenis,  Leske,  - 

„        .  8uln*otundiis,   Mant 

Holaster  placenta,  Ag,  - 
„       planuBy  if ani. - 

Marsupites  testadinariiiB,  Schloth. 

Micraster  corangoinum,  Leske     - 
corbovis  ?  Forbes    - 
cortestudinarium,   Goldf. 
Leskei,    Desm, 
prsecursor,  Bowe    - 

Offaster  pilltda,  Lam,   -       -       - 

Oreaster  bulbiferus,  Forbes    - 
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Oreaster  pistilliferus,  Farbes 
Pentacrinus  Agansizi,  Hoff. 
Salenia  granulosa,  Forbes 
UintacrinuB  sp.      - 


Actinozoa. 
Axogaster  cretacea,  Lrmsd.    - 
Caryophyllia  cylindracea,  Reus»    - 
Ccefosniilia  laxa,  E,  d:  //. 
Parasmilia  centralis,  Manl, 

„         Fittoni,  E.  d:  II.  - 
8tephanoj»hyllia  Michel ini,  L^jnsd. 

Sjwntjida, 

Cliona  cretacea,  Port  I.  - 

Co8cinoi)ora  infundibuliformis,  Gold/. 

Doryderuia  ramosum,  Manf,  • 

Guettardia  stellata,  Jfic/t. 

Heterostinia  obliciua.  Benett. 

Leptophrap^ma  Murcnisoni,  Goldf. 

PharetroHi)ongia  Strahani^  Sollas 

Plintho.sella  comi)acta,  Ilmde 

Plocascyphia  convoluta,  T.  Sinitk 

Porospnaera  globulari.s,  Phil. 
„  pileolus,  L(im.     - 

„  Woodwardi,  Cartel' 

Siphonia  Ktenigi,  Mant. 

Stichophyina  tumidum,  Ilwde 

Ventriculites  convolutus, ///w<7^    - 
cribrosus,  Phil. 
decurrens,  T.  Smith 
impreftsus,  7\  Smith 
mammillaris,  T.  Smith 
radiatus,  Mmif. 
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CHAPTER    IX. 

TllE    UPPER    CHALK    IN    NORTH     AND    NORTH-WEST 

DORSET. 

In  North  Doi'set  the  Upper  Chalk  forms  a  broad  band,  which 
eventually  curves  round  the  western  end  of  the  area  oecupied  hv 
the  Eocene  beds.  On  the  northern  side  of  this  area  the  Chalk 
dips  gently  beneath  the  Eocenes,  its  broad  and  unbroken 
expanse  presentmg  a  great  contrast  to  the  narrow,  disturbed,  and 
faulted  tract  which  has  been  described  in  South  Doi-set. 

The  Upper  Chalk  of  North  Dorset  is  a  continuation  of  that  of 
Wiltshire,  and  the  same  zones  can  be  recognised  along  the  Stour 
valley  between  Stourpaine  and  Wimborne,  as  have  been  deseriljed 
near  Salisbury. 

It  is  noteworthy  that  the  Upper  Chalk  of  Dorset  is  thicker 

than  that  of  Sussex,  of  Hampshire,  and  even  of  the  SaUsbury 

district,  and  this  appears  to  l}e  due  not  to  any  increase  in  the 

thickness  of  the  lower  zones,  but  to  the  preservation  of  a  greater 

portion  of  the  highest  zone  beneath  the  Eocene.    The  following 

are  approximate  estimates  of  the  thickness  of  the  several  zones, 

based  on  the  diflferences  of  level  at  which  sections  in  the  same 

zone  ocour  on  the  borders  of  the  Stour  valley  : — 

Feet. 

Zone  of  Belemnitella  mucronata  about    220 

„    „    Actinocamax  quadratus  -        -        -        -  ,,         260 

„    „    Marsupites  testudinariua         -  ,,150 

„    „     Micraster  coranguiniim            '                -  „        250 

,,    „    M.  cortestudinarium  and  Holaster  planus  „          80 

950 

That  these  estimates  are  not  excessive  is  rendered  i)robable 
by  a  comparison  with  the  thicknesses  given  on  p.  98  for  South 
Dorset,  and  on  p.  71  for  South  Wilts. 

1.   Zones   of  Holaster  planus   and   Micraster 

cortestudmarium* 

The  Chalk  Rock  is  shown  in  several  quarries  on  the  hills  between 
Melbury  and  Stourpaine,  its  outcrop  at  the  former  place  being 
730  feet  above  the  sea,  while  near  the  latter  it  passes  below  the 
alluvium  of  the  Stour. 

One  of  the  best  sections  is  in  a  quarry  E.N.E.  of  Sutton  Waldron, 
where  about  7  feet  of  the  rock  are  exposed  without  reaching  its 
base.  It  consists  of  very  hard  nodules  or  lumps  of  compact  lime- 
tone,  embedded   somewhat  loosely  in  a  softer  matrix,  the  whole 
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forming  a  nodular  mass  without  division  into  layers ;  a  few 
pieces  of  light  brown  phosphate  occur,  but  no  green-coated  nodules, 
and  fossils  are  not  abundant.  At  the  top  is  a  continuous  seam  of 
black  flint  overlain  by  rough  nodulai*  chalk  with  flints.  The 
total  thickness  of  the  rock-beds  appears  to  be  about  12  feet,  and 
judging  from  a  section  near  East  Compton,  the  lowest  bed  of  the 
rock  is  about  two  feet  thick,  having  a  layer  of  green-coated 
nodules  at  the  top,  and  passing  down  into  less  hai-d  nodular  chalk. 
In  the  railway  cutting  south  of  Stourpaine  a  somewhat  different 
set  of  beds  is  exposed,  and  the  thickness  is  greater,  thus  : — 

Feet 

(Louse  uodular  chalk  with  shaly  layers  and  a  layer  cA 
shaly  chalk  at  the  base 10 
Hard  rough  nodular  rock       -                -       -       -      3 
Hard  compact  cream-coloured  rock  with  a  layer  of 
green-coated  nodules  at  top 2. 

Blocky  greyish-white  chalk,  rising  to  the  north  and 
exposed  for  about 20 

35 

The  overlying  beds  are  exposed  in  a  quarry  just  north  of  the 
bridge  over  the  railway ;  they  consist  of  hard  and  rough  nodular 
chalk,  greyish-white,  with  grey  streaks  and  seams,  and  enclosing 
many  scattered  flints,  which  are  solid  and  grey  inside,  with  a 
white  rind,  which  blends  into  the  flint.  This  chalk  seems  to  be 
well  bedded,  but  crumbles  into  a  rough  irregular  face ;  it  probably 
Ijelongs  to  the  zone  of  Micraster  cortestudinarium,  but  the  only 
fossil  seen  was  Echiiwcorys  scutcUus,  Some  of  the  nodular  lumps 
were  brownish  inside,  as  it  slightly  phosphatic. 

Similar  chalk  is  exposed  in  the  next  cutting  on  the  railway 
to  the  southward,  and  here  I  found  a  good  specimen  of  A/,  cortes- 
tudiiiarium.  In  the  next  cutting  near  Nutford  the  chalk  is 
white  and  compact,  containing  large  irregular  flints  of  the 
cavernous  or  "  carious  "  type  ;  some  are  gi'ey  inside,  some  brown, 
and  others  have  a  tinge  of  red,  and  many  are  full  of  sponge  spicules. 

Beds  which  probably  occupy  a  place  intermediate  between 
those  in  the  two  cuttings  last  mentioned  are  exposed  in  a  pit  by 
Whitecliff  Mill,  which  is  about  20  feet  deep  in  whitish  chalk 
rough  and  lumpy,  with  numerous  flints,  some  small  and  imper- 
fectly sihcified,  others  large  and  knobby,  many  of  which  are 
cavernous  and  spiculiferous.  Fragments  of  a  large  and  thick 
Inoceramus  are  common,  but  no  other  fossils  were  seen. 

West  of  the  valley  of  the  Stour  the  outcrop  of  the  Chalk  Rock 
has  been  traced  by  my  colleague,  Mr.  Beid,  along  the  escarpment 
of  Okeford  Hill,  and  thence  southward  to  Bulbarrow  and  Hilton 
Down.  It  also  crops  out  on  the  inner  side  of  this  ridge,  and  sur- 
rounds the  irregular  inhers  of  Middle  and  Lower  Chalk  !))• 
Turnworth,  Houghton  Winterborne,  Hilton,  and  Milton  Abbas. 
An  old  quarry  at  Clenston   Farm   (Winterborne   valley)   shows 
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about  20  feet  of  rough-bedded  greyish-white  rubbly  chalk,  with 
layers  of  sohd  black  flints.  I  found  Micraster  oartestudi/Mirium 
here,  and  the  chalk  doubtless  belongs  to  the  zone  characteiised 
by  that  species. 

The  country  between  Hilton  and  Ceme  has  been  mapped  by 
Mi\  Beid,  who  found  no  difficulty  in  tracing  the  Chalk  Bock  by 
surface  indications,  but  remarks  that  there  are  few  good  exposures 
of  it.  It  is  in  this  district  that  a  hard  and  compact  chalky 
limestone  first  shows  itself  in  the  beds  above  the  Chalk  Bock, 
and  there  appear  to  be  sometimes  two  beds  of  this.  Thus,  at 
the  south  end  of  Piddletrenthide,  above  the  school,  Mr.  Beid  saw 

the  following  section  in  a  chalk-pit:—* 

Feet 

Soft  chalk  with  grey  flints  (thick  riiids)      -        -        -       -      2 

Hard  nodular  crystaUiue  chalk  with  casts  of  sponge  spicules  -       2 

Rubbly  chalk  with  black  flints  having  thick  rinds    -       -     12 

A  few  feet  higher  another  bed  of  very  hard  splintery  limestone 

occurs,  and  forms  a  marked  ledge  across  the  road. 

In  the  Cerne  valley  the  Chalk  Bock  first  appears  at  Nether 
Cerne,  where  it  is  exposed  in  a  small  quarry  east  of  the  village. 
About  6  feet  of  hard  nodular  rock  with  yellowish  stains,  and  a 
few  scattered  green-coated  nodules  pass  down  into  softer  chalk. 
£  found  here  Echirwcorys  scutatus,  Holaster  plawus,  Terebratula 
semigloboaa,  TerebratuLma  gradiia  (var.),  Inocercm/u8  sp.,  Cruet- 
tardia  stdla^n.    Ventriculites  vm/pressus,  and  V.  alcyanoides  ? 

Near  Oakham  Close,  in  a  combe  on  the  west  side  of  the  valley, 
pathways  cut  in  the  steep  slopes  of  the  hills  show  the  following 
succession  :  — 

Feet. 
White  chalk  with  occasional  layers  of  solid  black  flints-  about     20 

White  chalk  without  flints „       12 

Qrey   glauconitic   chalk   with   Holaster  planus^  Terebratula 

semiglcboia  and  Rhynchonella  reedensu    ....      2 
Hard  nodular  chalk-rock  with  a  bed  of  very  hard  compact 

limestone  at  the  base 10  or  11 

On  Dickley  Hill,  west  of  Cerne,  the  same  Chalk  Bock,  weathering 
into  angular  Imnps,  crops  out  in  the  roadway  at  about  590  feet. 
Higher  up  is,  first,  hard  lumpy  chalk,  then  chalk  with  soUd  flints,' 
and  at  630  feet  a  bed  of  very  hard  compact  rock,  with  a  spUnter} 
fracture,  crosses  the  road  and  forms  a  step  in  the  gutter. 

Exactly  the  same  succession  is  exposed  on  Eastfield  Hill,  east 
of  Sydling,  but  here  there  does  not  seem  to  be  more  than  30  feet 
of  chalk  between  them  The  upper  rock  appears  to  be  about 
2  feet  thick. 

The  same  two  hard  beds  have  been  noticed  on  the  eastern  side 
of  the  Frome  valley,  near  Oattistock,  and  are  exposed  in  the  road- 
way up  the  hill  south  of  Langcombe  Bottom,  south-east  of  Maiden 
-Vewtoii. 


Geology  of  Dorchester,  Mem.  Ueol.  Survey,  1699,  p.  12. 
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Near  Cruxtou,  on  the  opposite  side  of  the  Frome,  a  roadway 

leading  up  to  Hill  Barn  traverses  the  whole  of  the  Middle  Chalk. 

The  lower  part  of  this  section  has  been  given  in  Vol.  ii.  p.  427,  and 

above    the  beds  which  are  there  described  as  forming  the  zone 

of    TerebratuLina    the    followmg    ascending    succession    can    be 

made  out,  the  thicknesses  being  approximate  only  :  — 

FeeU 

1  Compact  Chalk-Rock,  weathering  yellow  -        -        "       li 

2  Hard  nodular  Chalk  with  scattered  flints  in  the  upper  two 

feet        -  -        -        - 6 

3  Bed  of  yellow  chalk- rock,  weathering  brownish    -        -        -       1 

4  Very  hard  whitish  chalk-rock,  with  glauconite,  breaking  into 

sharp  angular  lumps    -    •    -        -        -        -        -        -        -     ?4 

5  VVliitish  sandy  (or  shelly)  chalk,  soft  but  enclosing  hard  lumps 

and     flints  ;      TerebrattUa    carnea,    Rhynch,    octoplicata, 
Mf Cluster  and  a  broken  Holdster  -----     ?4 

6  Rough  nodular  chalk  without  flints. 

Above  this  the  cutting  is  so  shallow  that  no  measurements 
could  be  taken,  but  there  is  some  thickness  of  the  nodular  chalk 
without  flints,  and  above  it  comes  hard  white  massive  chalk, 
and  then  a  layer  of  hard  compact  yellowish  rook,  very  like  the 
upper  Chalk  Rock  below ;  but  it  is  not  the  same  bed  repeated  by  a 
fault,  for  the  chalk  above  is  hard,  white,  and  nodular.  After  some 
10  or  12  feet  of  this  the  uppermost  compact  white  limestone  crops 
out,  Uke  that  between  Oeme  and  Sydling,  with  the  same  sphntery 
fracture.  Here  it  seems  to  be  about  35  feet  above  the  lower  Chalk 
Rock,  but  as  the  section  is  throughout  a  shallow  one,  it  is  possible 
tliat  the  lower  beds  of  Chalk  Rock  have  shpped  a  Uttle  from  their 
real  position. 

Hard  nodular  buff-coloured  chalk  with  Micrdster  cariestU' 
dma/riwnv  is  exposed  in  a  quarry  south-west  of  Southover  Farm, 
and  is  capped  by  a  layer  of  tabular  or  continuous  flint  9  inches 
thick. 

The  Chalk  Rock  crops  out  again  at  !Notton ;  and  further  south 
in  an  old  pit  between  Notton  and  Throop  the  following  section 
is  seen  in  what  is  probably  pai-t  of  the  M.  oartestudinarium 
zone  :— 

Bedded  white  chalk  with  flints 

Very  hard  nodular  rock,  yellowish,  with  casts  d  sponge 

spicides,  passing  into  lumpy  chalk  with  flints     - 
Soft  grey  marly  chalk  -      from  6  inches  to 

White  compact  chalk,  passing  down  into  nodular  chalk  - 
Hard  chalk  full  of  yellow  coated  nodules,  passing  down 

into  bedded  chalk  with  layers  of  flints  -        -        -        -      6     0 

In  the  large  outlying  tract  which  Ues  between  the  upper 
valley  of  the  Frome  and  the  head  waters  of  the  Axe,  the  Chalk 
Rock  has  only  been  seen  in  one  place.  This  is  in  an  old  quarry, 
by  the  700  feet  contour  hne,  on  the  western  side  of  the  main  road, 
north    of    Toller  Whelme,  and  near  Hill  Barn.      Tlie  exposure 
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open  in  1895  was  small,  but  showed  the  following  beds  :— 

Feet. 

Traces  of  compact  rock  below  the  soil,  in  one  place  soft  mealy 
chalk  enclosing  lumps  of  hard  chalk  and  large  sdid  flints, 
Holaster  ptontw,  Rhynchonella  reedensis^  Cyphosoma  <p.         2 

Hard  lumpy  chalk  full  oi  green-coated  nodules    -       ;       -         i 

Hard  compact  crystalline  limestone,  becoming  lumpy  in  the 
lower  part,  no  green  nodules.  Terebratula  camea^  Rhyn- 
chonella octoplicata,  Septifer  ItneatuSj  and  Ostrea 
normaniana       -  -        -        -        -  -       -2or3 

Soft  white  mealy  chalk  below. 

The  outcrop  of  the  "  Rock"  could  probably  be  traced  for  a  mile 
or  two  to  the  eastward,  but  westward  it  is  soon  overlapped  by 
the  Clay-with-flints,  and  is  probably  cut  off  by  a  faidt,  which  runs 
up  the  Toller  valley. 

2.  Zone  of  Micraster  coranguinum. 

This  zone  probably  occupies  a  considerable  tract  of  countr}* 
along  and  east  of  the  lidge  of  the  main  escarpment,  for  it  is  ex- 
posed in  several  chalk  pits  within  a  Uttle  distance  of  the  main 
road  from  Blandford  to  Shaftesbury,  as,  for  instance,  in  a  pit 
1^  miles  east  of  Iwerne  Minster,  where  the  characteristic  flints 
can  be  seen,  i.e.,  black  flints  with  a  band  of  milky  white  colour, 
at  a  UtUe  distance  from  the  external  surface. 

This  zone  comes  down  to  the  level  of  the  river  and  the  railway 
at  Blandford.  The  lowest  part  of  it  is  sho\i*n  in  the  cuttings 
near  Whitecliff  Mill,  the  chalk  containing  many  scattered 
flints  of  irregular  shapes,  black  inside,  with  a  veiy  thin  lind,  and 
a  layer  of  cavernous  flints  tinged  with  red.  Fm-ther  south  in 
the  cutting  north  of  Blandfoixl  Station,  firm  white  chalk,  contain- 
ing layers  of  flints  with  an  internal  white  band.  Micraster 
coranguirmm  is  fairly  common  here. 

Still  further  south,  in  the  cutting  west  of  St.  Mary's  Church, 
there  are  flints  without  any  rind,  but  black  and  solid  through- 
out, but  at  the  southern  end  a  band  of  flints  with  white  rinds 
comes  ill,  and  further  south  the  flints  have  thick  rinds,  as  usual 
at  the  top  of  the  M.  coranguvn/um  zone. 

These  upper  beds  with  thick  rind  flints  can  be  seen  in  chalk- 
pits on  the  higher  ground  both  to  the  east  and  west  of  Bland- 
ford, as,  for  instance,  in  the  Norton  pit,  about  two  miles  west  of 
that  town,  which  is  20  feet  deep  in  chalk,  with  numerous  scat- 
tered flints  of  this  kind,  but  fossils  are  scarce. 

A  small  pit  near  Normandy  Farm,  two  miles  W.S.W.  of  Bryan- 
ston,  is  interesting  as  again  showing  the  chaUv  containing  flints 
with  milky-white  bands,  many  of  them  with  spongiferous  hollows, 
and  some  stained  pink  or  reddish.  The  chalk  is  rather  tough, 
with  some  beds  of  more  shelly  chalk  of  a  yellowish  tint,  which 
are  full  of  fragments  of  /noceramtts-shell.     I  found  a  few  fossils 
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here— Micraster  coranguinum,  Ostrea  lateralis,  Rhyndiondla  sp., 
and  a  fish  tooth. 

Zone  of  Marsupites. 

In  this  part  of  Doi'set  the  Marsupites  chalk  is  by  no  means  a 
flintless  chalk.  It  contains,  on  the  contrary,  an  abundance  of 
flints— scattered,  and  seldom  in  regular  layers — having  very  thick 
white  rinds,  so  that  many  of  the  smaller  nodules  seem  to  be  nearly 
all  white  rind  or  crust.    They  are  always  solid,  never  cavernous. 

Chalk  with  such  flints  is  exposed  in  the  cuttings  on  the  railway 
south  of  Littleton  and  west  of  Charlton  Marshall,  but  a  prolonged 
search  in  them  only  resulted  in  the  discovery  of  one  Marsupites 
plate.  Marsupites  are,  however,  common  in  the  Thorncoml)e  pit 
about  two  miles  west  of  Charlton ;  the  chalk  in  this  quarry  is  of 
very  even  grain,  brittle  when  dry,  and  splitting  easily  in  sti*aight 
planes  in  any  direction.  Flints  are  abundant  as  scattered  nodules, 
but  not  in  continuous  layers,  though  a  few  may  lie  in  line  for  a  few 
yards  ;  they  liave  very  thick  white  rinds  and  are  yellowish  outside. 

Another  quarry  about  a  mile  from  this,  and  nearly  a  mile 
south-west  of  Down  House,  shows  exactly  the  same  kind  of  chalk, 
and  plates  of  Marsupites  are  equally  abimdant,  with  small  Edivn/- 
ocorys  scutatus  and  stems  of  Bourguetiorinxis.  The  difference  of  level 
between  the  two  pits  is  about  200  feet,  and  there  is  no  appreciable 
dip  at  either  place.  The  general  inclination  is  probably  toward  the 
south-east,  but  even  allowing  for  this,  the  thickness  of  the  zone 
would  not  seem  to  be  less  than  150  feet,  unless  a  faidt  inter- 
venes ;  the  UintaxTinus  band  has  not  been  discovered. 

Still  further  to  the  south-west,  on  Whatcombe  Down,  half  a  mile 
west  of  Charis worth  House,  is  another  quarry  12  to  14  feet  deep  in 
exactly  the  same  chalk,  from  which  I  obtained  MarsfupiteS'^\sXe& 
Bourgaeticrinus  ellipticus,  Kingena  lima,  and  a  small  tiiin-shelled 
Ostrea. 

The  chalk  of  this  zone  evidently  occupies  a  considerable  surface 
area  between  the  valleys  of  the  Stour  and  the  Winterborne  south  of 
Blandford  Down  House. 

Zone  of  Actinocamax  quadratus. 

Along  the  line  of  railway  the  chalk  of  this  zone  is  first  seen  in  the 
cutting  by  the  northern  end  of  Spettisbury  (south  of  St.  John's 
chm-ch).  This  is  about  30  feet  deep  in  homogeneous  white  chalk, 
splitting  evenly  in  any  direction  ;  flints  occur  in  layers  at  distances 
of  2  to  4  feet  apart,  but  are  not,  on  the  whole,  more  numerous  than 
in  the  zone  below ;  they  have  a  thick  white  crust,  which  generall} 
includes  a  band  of  chalcedonic  flint.  A  short  search  for  fossils 
yielded  Actinocamax  granvlatus,  Echirwcorys  scutatus,  Spondylus 
latus,  Sp.  dutempleavus  ?  and  Kviigena  lima. 

Near  Spettisbury  station  is  a  chalk  pit  about  15  feet  deep  at  a 
•  lower  level,  but  in  the  same  chalk. 
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In  the  cutting  at  the  south  end  of  Spettisbury,  opposite  Crau- 
ford  House,  there  is  similar  chalk,  from  which  I  obtained  several 
broken  Belemnites  which  appeared  to  belong  to  Bd.  lanceolata, 
a  species  which  is  associated  with  Act.  qtuidratus  near  Salisbur}^^. 

On  Whatcombe  Down  this  zone  comes  in  near  Gharisworth 
House,  about  30  feet  higher  than  the  pit  where  Marsupites  occur, 
for  Mr.  C.  Beid  informs  me  that  he  found  Off  aster  pUluLa  in  a 
small  pit  150  yards  south-west  of  the  house. 

On  the  eastern  side  of  the  Stour  the  zone  of  Act,  quadrdtus 
might  be  expected  to  occur  in  the  Tarrant  valley,  but  so  far  as  I 
could  judge  by  a  passing  visit,  the  chalk  there  resembled  that  of  the 
upper  part  of  the  M.  coranguinum  zone,  and  I  found  no  traces 
either  of  Marsupites  or  of  Belemnites. 

There  is  a  pit  at  Tarrant  Crauford,  east  of  Abbey  Farm,  showing 
chalk  with  an  irregular  fracture  and  flints  with  a  rind  of  moderate 
thickness ;  the  upper  15  feet  contains  scattered  flints  only,  the  lower 
10  feet  has  three  layers  of  flints,  as  well  as  scattered  nodules.  The 
fossils  foimd  were  Echinocorys  scutatv^,  Terebratula  camea  t 
Wiynchandla  (young),  and  Poroaphoera  globvlaris. 

At  Tarrant  Eongston  is  a  pit  in  similar  chalk,  but  the  flints 
have  thicker  rinds.    No  fossils  were  seen. 

Zone  of  Belemnitella  Mucronata. 

Along  the  Une  of  rail  this  zone  is  first  seen  in  a  chalk  pit  by  the 
bridge  over  the  railway  near  Moorcourt  Farm.  The  chalk  is  much 
decomposed  and  broken,  flints  are  not  nimierous,  but  are  black 
inside,  without  any  rind,  and  resemble  those  of  Shootend,  near 
Salisbury.  TerAratvla  camea,  Eckmocorys  scutatus,  and  Bd, 
mucroTuUa  were  the  only  fossils  found. 

There  are  better  exposures  on  the  other  side  of  the  river  near 
Shapwick  and  Sturminster.  A  quarry  east  of  Shapwick,  on  the 
road  to  New  Bam  Farm,  shows  about  20  feet  of  soft  white  chalk 
with  a  few  scattered  yellow-coated  flints.  Small  ovate  Eckmocorys 
are  common  here,  and  I  also  found  several  Bdemnitdla  m/ucronata, 
a  Salenia  gram,vloaa,  some  small  Ostrea  and  Porosphcera  glcbularis. 

East  of  Sturminster  Marshall,  and  close  to  the  bridge  over  the 
river,  is  a  large  quarry  showing  about  16  feet  of  soft  whi^^  chalk 
without  any  flints,  though  imwom  flints  with  thick  rinds  occur 
in  the  soil  at  the  top.  The  dip  is  very  sUght,  apparently  to  the  east. 
Bdemnitdla  rwucroruUa  is  not  unconunon,  and  I  found  also  Kingena 
lima,.  The  level  of  the  floor  of  this  quarry  is  81  feet  above  O.D., 
and  the  hill  known  as  Badbury  Kings  to  the  N.N.E.  rises  to  over 
300  feet,  hence  there  woidd  appear  to  be  at  least  200  feet  of  chalk 
belonging  to  the  zone  of  Bd.  rmicroiuita  in  this  district. 

Professor  Barrois  found  the  higher  beds  of  this  zone  exposed  in  a 
quarry  at  EUghwood,  and  describes  the  chalk  as  very  soft  and 
divided  into  beds  about  two  feet  tliick  by  marly  seams  stained  yellow 
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l>y  iron  ;  the  flinta  are  few,  and  have  a  thick  rind.  He  also  not£8 
exposuree  atBroadlord  barrow  and  at  Ashfoi-d,  north  of  Wimbonw. 

The  chalk  of  this  zone  must  occupy  a  broad  tract  of  country  out- 
side the  boundary  of  the  Eocene  area  between  Wimbome  and 
Piddletown,  neai*  Dorchester.  There  la  a  small  exposure  in  its  lower 
Ijeda  to  the  north  of  Aimer  on  the  northern  side  of  Gi'eat  Aimer 
Wood,  the  flinta  being  few  and  small,  but  foaails  inoi-e  abundant. 

It  is  seen  again  in  a  large  pit  south  of  W  inter  borne  Kingaton, 
which  shows  about  25  feet  of  soft  white  chalk  with  a  few  scattered 
yoUow-coated  flinta,  and  one  layer  of  flints  about  four  feet  from  the 
base.  This  uUalk  is  traversed  by  oblique  and  slightly  curved  planes 
of  division,  which  cut  up  the  maaa  into  long  lenticular  layers,  but 
are  not  planes  of  bedding.  The  flint  layer  shows  a  slight  dip  to  the 
south-west.     Bdenmitdla  mucronata  was  the  only  fossil  seen. 

No  careful  zonal  collecting  of  fossils  from  the  Upper  Chalk  of 
northern  Dorset  has  yet  been  accomphshed.  The  late  Mr.  Shipp, 
of  Blandford,  collected  largely  from  that  neighbourhood,  and  I 
have  availed  myself  of  a  pruitod  catalogue  of  his  collection  in  which 
many  fossils  are  indicated  as  coming  from  Thorncombe  (MarsupUes 
zone).  This  collection  is  now  in  the  Dorchester  Museum.  For  the 
other  zones,  the  species  recorded  in  the  following  list  were  mostly 
collected  by  myself  during  my  traverses  of  the  county,  and  a  few 
by  Mr.  C.  Beid. 

F0S.SIL.S  FROM  THE  Upper  Chalk  of  North  and  West  Dorset. 
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Kckinodermala. 
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Echinocorya  sculiitus,  lake    ■ 
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CHAPTER  X. 

THE  UPPER  CHALK  IN  SOMERSET  AND  DEVON. 

General  Description. 

In  these  counties  there  are  only  a  few  small  outliers  of  Upper 
Chalk,  and  these  consist  only  of  the  lowest  part  of  this  division : 
the  zones  of  Holaster  planus  and  Micraster  cortestudinarium.  Two 
of  these  outliers  ai-e  in  Somerset,  north  of  Chard,  and  the  others 
are  on  the  coast  of  Devon,  one  sinall  tract  lying  between  Lyme 
Regis  and  Rousdon,  and  two  others  at  Beer,  separated  only  by 
the  valley  in  which  that  village  lies. 

The  coast  sections  are  much  more  complete  than  those  of  the 
inland  quarries  which  do  not  reach  above  the  Chalk  Rock. 

The  zone  of  Holaster  fHanus  near  Lyme  is  fairly  well  marked, 
setting  in  with  a  band  of  hard  splintery  rocky  chalk  which  re- 
sembles the  Chalk  Rock  of  North  Dorset  and  contains  small  frag- 
ments of  brown  phosphate  of  lime.  It  is  overlain  by  lumpy  and 
nodular  chalk,  and  in  the  Pinhay  cliffs  this  zone  appears  to  be 
about  40  feet  thick,  but  is  reduced  to  24  feet  at  Beer,  where 
the  rocky  bed  at  the  base  is  not  more  than  2  feet  thick.  Both 
near  Lyme  and  at  Beer  a  conspicuous  layer  of  large  flints  forms 
a  convenient  plane  of  division  between  this  and  the  overlying  zones. 

The  zone  of  M,  cortestudinarium  also  consists  for  the  most 
part  of  rough  lumpy  chalk  with  one  or  more  layers  of  hard  yellowish 
rocky  chalk.  Micr aster  prwairsor  with  varieties  approaching 
M,  cortestudinarium  occui's  in  some  abundance,  and  some  50  feet 
of  this  chalk  can  l^e  measured.  In  the  lower  part  the  flints  are 
solid  and  mostly  black  inside,  but  higher  up  there  are  some 
cavernous  flints. 

That  the  zones  of  M.  coranguinum  and  Marsujntes  testu- 
dinarius  originally  extended  over  Devonshire  is  proved  both  by 
the  flints  and  the  flint  fossils  which  are  found  in  the  gravels 
capping  the  higher  plateaux.  These  include  casts  of  Micraster 
coranguinum,  of  Galerites  albogalerus,  and  of  Marsupites-plates, 
and  the  flints  are  of  three  sorts,  some  cavernous  with  branching 
cavities  enclosing  remains  of  Dorydermxi  rarnxmim ;  some  solid  and 
translucent  with  a  milky  white  band  near  the  periphery,  and 
thirdly  flints  which  are  solid  and  light  grey  throughout. 
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by  Dr.  A.  W.  Rowe,  from  whose  account  the  following  is  con- 
densed* At  the  foot  of  the  main  cliff  west  of  the  Chapel  Bock 
and  just  above  the  talus  he  noticed  a  thin  layer  of  marl,  below 
which  Ter.  gracilis  var.  kUa  is  abundant,  associated  with 
Micraater  corbovis  and  some  Holaater  planus  ;  above  the  marl 
H.  planus  becomes  commoner  and  is  associated  with  M,  Leskei 
and  M.  prcecursor,  consequently  the  marl  seam  coincides  with 
the  zoological  change  from  the  zone  of  Terehratulina  to  that 
of  Hcl.  planus.  At  26|  feet  above  the  marl-seam  he  found  a 
**  strong  '*  layer  of  flints  and  13  feet  higher  a  thin  continuous 
seam  of  flint  (''tabular  band").  He  found  the  fauna  of  the 
H,  planus  zone  extending  up  to  this  flint-seam,  but  above  it 
the  Micrasters  change,  **  Micraster  corbovis ,  M.  Leskei  and 
HolaMer  planus  die  out  and  are  replaced  by  Micraster  prcticursoi* 
of  the  group-form  associated  with  the  zone  of  M.  cortestuili- 
narium.  This  thin  tabular  flint-band  is  therefore  the  dividing 
line  between  the  zones  of  Holaster  planus  and  Micraster 
cortestudinarium.'* 

Continuing  upwards  Dr.  Howe  noticed  two  seams  of  marl, 
one  4  feet  and  the  other  8  feet  above  the  flint- seam  ;  higher  up 
are  two  bands  of  yellow  nodular  chalk  and  near  the  top  a 
stronger  band  of  hard  yellow  nodular  rock.  He  did  not  measure 
these  beds  but  estimates  their  total  thickness  at  from  45  to  50 
feet,  referring  all  this  to  the  zone  of  M.  cortestudin/irium,  while 
that  of  Hoi,  planum  has  a  thickness  of  nearly  40  feet. 

The  hard  yellow  rock  is  also  seen  at  the  top  of  Chapel  Bock, 
the  southern  face  of  which  presents  a  fine  weathered  section  of 
the  two  zones  ;  on  it  the  same  guiding  features  can  be  traced, 
the  lower  30  feet  belonging  to  the  zone  of  Hoi,  planus,  and  at 
the  base  of  the  mass  16  feet  below  the  strong  bed  of  flints  are 
two  other  noticeable  flint-layers.  Dr.  Bowe  describes  the  chalk 
of  the  Hoi,  planus  zone  as  consisting  mainly  of  hard  iron- 
stained  nodular  beds  with  not  a  few  phosphatic  and  glauconitic 
nodules  scattered  throughout ;  he  found  two  examples  of  Sola- 
riella  gemtaata  and  one  of  Pleurotomaria  perspectiva,  but  he 
will  not  admit  that  any  of  it  can  be  called  Chalk  Bock.  If  the 
term  **  Chalk  Bock"  is  restricted  to  a  special  lithological  type 
then  we  agree  with  him.  but  the  hard  fragments  in  the  zone  of 
H.  planus  at  Pinhay  have  the  characteristic  structure  of  Chalk 
Bock  under  the  microscope  (see  p.  303) ;  they  only  differ  from 
the  typical  aspect  of  the  rock  in  not  forming  continuous  beds 
of  hard  limestone  with  layers  of  green-coated  nodules. 

The  Chalk  of  Pinhay  cliff  dips  to  the  eastward,  so  that  the 
zone  of  Hoi.  planus  rises  westward  and  is  not  seen  in  the  great 
cleft  at  the  western  end  of  the  cliff,  though  it  must  only  just 
escape  coming  into  it,  as  shown  in  Plate  II.  of  Dr.  Bowe's 
paper. 

•  See  Proc.  Qeol,  Assoc,  Vol.  xviii..  Part  I.  (1903),  being  the  third  part 
of  Dr.  Howe's  Memoir  on  the  "  White  Chalk  of  the  English  Coast." 
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III  Wliitlands  cliff  I  could  not  find  any  trace  of  the  Hoi.  planus 
zone,  and  if  present  it  must  be  only  just  in  the  centre  of  the  cliff 
below  the  gravel  capping;  nor  is  it  again  seen  at  any  point 
between  this  and  the  month  of  the  Axe. 

The  next  outlier  of  Upper  Chalk  is  that  which  is  truncated  by 
the  cliff  on  the  northern  side  of  Beer  Harbour.  The  upper  part 
of  this  cliff  is  known  by  the  name  of  Annis*  Knob  and  the  footpath 
from  Beer  to  Seaton  runs  by  it.  (See  Fig.  43.)*  Although  this 
bluff  is  not  much  over  50  feet  high  both  the  zones  of  Micraster 
cortestudinarium  and  of  Holdster  planus  a])pear  to  come  in,  the 
latter  being  thinner  than  near  Lyme.  About  the  middle  of  the 
bluff  is  a  conspicuous  course  of  large  black  flints,  and  as  HoL 
planus  is  abundant  below  this  flint  band  and  was  not  found 
above  it,  I  took  it  as  a  convenient  line  of  separation  between  the 
two  zones.  My  note  of  the  succession  here  seen  in  1894  is 
follows  : — 

Chalk  with  manv  layers  of  flints,  some  of  them  with' 
hollow   spaces ;    some    hard    nodular   lumps  in 
lower  part,  Micraster  cortestudinarium,    Terebror 
tula  carnea,  Parosphcera  globularis,  and  Inocera- 
mus ---10 

Hard  rough  nodular  chalk  with  a  yellowish  rocky 
bed  at  the  top  containing  fragments  of  brownish 
phosphate.  Many  flints,  the  whole  weathering 
in  rough  layers.     Micraster  common   -        -        -     10 

Hard  rough  nodular  chalk  with  flints  and  a  band  of 
very  hard  yellowish  rock  at  the  top.  Echinocorys 
scutatus,  Micraster,  Rhynchonella  reedensis,  and 
a  coral  (?  Paras^mUia) 7| 

Soft  greyish-white  chalk  without  flints    -  -       1 

Conspicuous  layer  of  black  flints    -----         A 
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Rough  chalk  with  many  scattered  flints,  and  hard 
nodular  lumps  arranged  in  layers,  Holaster  planus, 
Micraster  Leskei,  M.  cortestudinarium,  Terebra- 
tula  carnea,  and  Rhynchonella  reedensis  -     12 

Hard  rough  chalk  with  many  scattered  flints  and 
some  small  bits  of  light  brown  phosphate,  Holaster 
planus,  Rhynchonella  plicatilis,  Terebratidina 
gracilis^  var,  lata  1  Terebratida  carnea,  and 
Cyphosoma  radiatum 10 

Rough  chilk  full  of  very  hard  yellowish  lumps  and 
\    some  light  brown  phosphates   -       -  seen  for       1 

*  A  front  view  of  this   bluff    has   been  given   in  Vol.    II.   of    this 
Memoir,  p.  439. 
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On  the  east  side  of  the  bluff  above  the  path  there  is  a  small  fault 
with  a  downthrow  to  the  east  bringing  in  about  20  feet  of  the 
higher  and  less  nodular  chalk  with  cavernous  flints  * 

The  Upper  Chalk  is  exposed  again  in  the  old  qiiarries  north- 
west of  Beer  (see  vol  11.  p.  446),  where  about  30  feet  of  hard 
nodular  chalk  come  in  above  the  bed  which  I  take  as  the  base 
of  the  zone  of  Bolaster  pla/niLS. 

The  last  outher  of  Upper  Chalk  is  that  of  Beer  Head,  and  this  is 
only  accessible  in  two  places.  A  conspicuous  band  of  flints, 
which  is  probably  that  above  mentioned^  can  be  seen  near  the 
top  of  the  cliff  at  the  headland  above  Little  Beach,  and  the  beds 
of  the  M.  cortestiuiinarivsih  zone  can  be  reached  from  the  cliff- 
top  north  of  the  headland,  at  a  place  where  a  slice  has  slipped 
down  and  left  an  exposed  face.  The  section  shows  rough 
nodular  chalk  with  some  yellowish  rocky  beds,  and  from  them 
Mr.  Rhodes  obtained  some  of  the  characteristic  fossils,  Micraster 
prcBcursor  and  M.cortestudinarium  being  fairly  common.  The 
other  place  is  in  the  bluffs  adjoining  and  above  the  path  which 
leads  down  from  the  top  of  the  cliff  east  of  the  Coastguard 
Station.  Mr.  J.  Rhodes  collected  from  these  bluffs  in  1894, 
and  supplied  me  with  the  following  note  of  the  beds. 

Fee 

(Bough  chalk  with  scattered  flints  and  a  layer  of  flints  at 
the  base,  not  accessible  -  -       -       -       -      8 

Bough  chalk  with  scattered  flints  and  a  conspicuous  layer 
of  flints  at  the  base    -------24 

r  Bough  chalk  with  hard  lumps  and  a  few  flints,  HoUuter 
p&ntM  found  near  top  and  also  at  base  -       -       -       -     16 
A.'  Bough  yellowish  nodiUar  chalk  with  scattered  bits  of 
brown  phosphate.    Micraster  corbovis,  Hoi.  plcunus^ 
Cyphosoma  radiatwm  and  FUurotomaria  sp,      -       -        2 

From  the  characters  of  the  two  lower  beds  I  judge  them  to 
belong  to  the  zone  of  H.  plamua,  of  which  there  is  probably 
more  below.f 

*  Dr.  Bowe  has  since  collected  from  these  beds,  and  states  that  the 
actual  zoological  passage  from  the  zone  of  H,  planus  to  that  above  occurs 
about  10  feet  above  the  marked  layer  of  flints ;  if  this  is  so,  and  if  the 
lowest  bed  seen  is  not  more  than  2  feet  thick,  the  thickness  of  the  H,  planus 
zone  is  here,  in  my  opinion,  about  34  feet.  Dr.  Bowe,  however,  places  its 
base  some  26  feet  lower  than  I  do,  on  the  assumption  that  a  certain  marl- 
baad,  seen  in  the  cliff  but  not  accessible,  is  the  same  as  that  which  divides 
the  zones  at  Pinhay.  I  have  referred  the  beds  above  this  marl-band  at 
Beer  to  the  Terebratrdina  zone. 

t  Dr.  Bowe  was  unable  to  identify  the  zone  of  H.  planus  at  this  spot, 
and  as  he  gives  no  description  of  the  beds  he  did  see  above  the  path  it  is 
impossible  to  tell  whether  the  exposure  he  mentions  wan  the  same  as  that 
above  noted. 
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Thezone  of  Holaater  jdanua  rises  westward  from  Beer  Head,  and 
finally  crops  out  at  the  top  of  Hookeu  cMa  near  the  Coastguard 
Station. 


Fig  43.— View  of  Aonis  Koob,  Soath  of  Beer,  showing  the  zones  of 
//olatler  vlanut  (a)  and  Micraiter   eortettudtruiri'am  (b)  ; 

beaton. 


i  luyer  of  flrnta  (c).      From  a  photograph  by  Mr.  E.  Good  of 


The  Flint  Gravel  op  the  Haldon  Hills. 


As  stated  on  p.  125,  evidence  for  the  previous  existence  of 
still  higher  zones  in  Devonshire  is  furnished  by  the  fossijs  found 
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in  the  flints  which  form  extensive  tracts  of  gravel  not  only  on 
the  patches  of  Chalk  near  the  coast,  but  also  on  the  ridges  and 
plateaux  of  Selbomian  sands  which  stretch  thence  to  the  north- 
ward. 

The  most  westerly  tract  of  such  gravel  is  that  which  caps  the 
Haldon  Hills,  south-west  of  Exeter.  These  gravels  are  in  places 
as  much  as  20  feet  deep,  and  are  believed  to  be  of  Eocene  age. 
The  flints  they  contain  are  mostly  of  a  very  pale  whitish-grey 
colour  inside  and  many  fossils  have  been  obtained  from  them, 
collections  of  these  bcmg  preserved  in  the  Museums  at  Exeter 
and  Torquay.  The  most  interesting  of  these  are  plates  of 
Maraupites  testvdinarius,  the  occurrence  of  which  was  recently 
recorded  by  me  in  a  short  note  from  which  the  following 
remarks  are  quoted ; — 

"  The  [plates  are]  casts  in  pale  grey  flint,  and  it  is  somewhat 
remarkable  that  they  show  a  strongly-marked  arrangement  of 
ridges  corresponding  with  those  on  the  more  ornate  varieties  of 
M.  teatudinarii's.  As  the  inner  surface  of  all  plates  of 
Maraupites  is  smooth,  I  conclude  that  the  plates  embedded  in 
flint  were  partially  silicified,  but  even  then  it  is  not  easy  to 
imderstand  the  persistence  of  the  ornament  unless  this  is 
structual  and  not  merely  an  external  ribbing.  ... 

"  So  fstr  as  I  can  ascertain,  no  remains  of  Belemnites  have  been 
foimd  in  the  Haldon  flints.  Prof  Clayden  has  kindly  made 
enquiries  for  me  at  Exeter,  and  has  searched  through  the  collec- 
tion in  the  Albert  Museum,  but  has  not  foimd  any  trace  of 
Belemnites  or  of  fossils  characteristic  of  the  zones  of  Actino- 

camax  quadrutua  or  Belemnitella  Tnucronata It  should, 

however,  be  remembered  that  even  if  no  fossils  belonging  to 
higher  zones  than  that  of  Maraupitea  should  ever  be  foima  on 
Haldon,  their  absence  will  not  mean  more  than  the  absence  of 
such  zones  within  the  area  at  the  time  when  the  Bagshot  Beds 
were  formed.  It  will  not  prove  that  the  higher  zones  never 
extended  into  Devonshire,  but  simply  that  they  were  destroyed 
during  the  upheaval  of  the  Chalk  and  before  the  formation  of 
the  Bagshot  Beds. 

"  The  occurrence  of  the  plates  of  Maraupitea  does,  however, 
enable  us  to  form  an  estimate  of  the  total  thickness  of  Chalk 
which  may  have  existed  in  the  neighbourhood  of  what  are  now 
the  Haldon  Hill  when  the  Bagshot  gravels  were  being  accumu- 
lated. The  Lower  Chalk  would  be  represented  by  only  a  few 
feet  of  calcareous  sandstone,  as  on  the  Devon  coast,  and  may 
consequently  be  neglected ;  the  Middle  Chalk  is  about  100  feet 
thick  at  Beer,  and  me  mean  thickness  of  the.zone  of  HoldaUv 
planua  in  Devon  is  about  40  feet.  To  get  an  estimate  of  the 
tliickness  of  the  zones  of  Micraater  corteatudinariwni  and  M. 
coranguinv/m  we  must  go  to  Dorset,  where  the  mean  of  several 
measurements  gives  80  feet  for  the  former  and  200  feet  for  the 
latter.    Finally,  the  thickness  of  the  zone  of  Maraupitea  was 
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found  to  be  111  feet  near  White  No  the,  and  Marsupitea  are 

only  found  in  the  upper  30  feet ;  if  this  thickness  was  maintained 

to  the   westward,  the  total  thickness  of  Chalk  under  erosion  in 

Devonshire  would  be  as  follows : — 

Feet 
Zone  of  Marsupites  iesiudinarius  -  -        -        111 

„         Micraster  coranguimun    -        -        -        -        200 
„         Micr,  cortesindinarium    -        -        -        -  80 

„         Holaster  planus 40 

Middle  Chalk 100 

"  We  mav  therefore  safely  assume  that  the  Haldon  gravels 
represent  tne  riddlings  of  about  500  feet  of  Chalk. 

"  The  following  is  a  list  of  the  fossils  obtained  from  the  flints  in 
the  OTavel  on  the  summit  of  the  Haldon  Hills,  and  preserved  in 
the  Museums  of  Exeter  and  Torquay.  For  a  list  of  those  at 
Exeter  I  am  indebted  to  the  Curator,  Mr.  F.  R  Rowley ;  these 
are  indicated  by  the  letter  E,  and  those  at  Torquay  by  t. 

Inoceramus  Brongniarti  ?  Sow.    e,  t. 
„  mytiloides,  Sow,    e,  t. 

„  sp.  (large  and  fiattish.)    T. 

Lima  Hoperi,  Sow.    E,  t. 
Pecten  cretosus,  Defr,    E. 
Septifer  lineatus,  Sow.    t. 

Snondylas  spinosus,  Sow.    E,  T.  ' 

Rnyncnonella  Cuvieri,  d^Orh.    e,  t. 
„  limbata?  Schlofh.    e. 

reedensis  1  Etk.    e. 
plicatilis,  Sow.    e,  t. 

„        var.  octoplicata,  Sow.  E,  T. 
Terebratula  can\e&.Sow.    e,  t. 
Cidaris  clavigera,  Kimig  (spines),    e,  t* 
„      hirudo,  Song,  (spine )    T. 
„      seep trif era,  Mant  (tests.)    e,  t. 
„      peromatap  Forbes  (spine).    E,  t. 
Cyphasoma  Kcenigi,  Mant.    b,  t. 
Ecninocorys  scutatus,  Leske.    E,  t. 
Galerites  castanea,  Brongn.    t. 

„        albogalerus,  Leske.    E,  T. 
Marsiipites  testudi nanus,  Schloth.    E,  T. 
Metopaster  Mantelli,  Fortes.    E. 
Micraster  coranguinum,  Z/e<A:e.     E,  T. 
„  pnecursor  ]  Mowe.    T. 

,,  cortestudinarium,  Gold/.    T. 

Opniura  serrata,  Roem.  (cast  of  disc  and  arm.)    E. 
Cliona  cretac3a,  Portl.    e,  t. 
Doryderma  ramosum,  Mant.    e. 

"  This  assemblage  is  probably  derived  mainly  from  the  zone  of 
Marav.pitea  and  M.  coranguinurriy  but  includes  specimens  from 
the  zones  of  M.  cortestudinarium  and  Hoi.  planus  and  possibly 
from  the  Terebratulina  zone." 

Fossils  from  the  Upper  Chalk  of  the  Coast. 

Th^  following  list  of  fossils  includes  those  found  by  Mr.  Rhodes 
and  by  myself,  and  also  incorporates  a  list  kindly  sent  me  by  Dr. 
A.  W.  Rowe  of  ihe  fossils  obtained  from  these  zones  by  himself 
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and  Mr.  Sherborn  in  1898.    The  letter  e  indicates  that  the  Bpecies 
is  common,  /  c=fairly  eommon,  and  r=rare.— 


»» 


M 


Ptychodus  mammillaris,  Ag.     ' 
Nautilus  cf.  atlas,  Whit,     - 
Fleurotomaria  perspcctiva,  Mant. 
Solariella  geuimata.  Sow.  (cast)  - 
Inoceramus  Cuvieri,  Sow.  -        -        - 
Brongniarti  ?    Sow. 
sp.     -      - 
Ostrea  semi  plana,  Sow, 

„     vesicularis,  Lam.     - 
Plicatula  Barroisi,  Peron    - 
Spondylus  spinosus,  Sow.   -       -       - 
Crania   egnabergensis,    Betz. 
Khynchonella  Cuvieri,  dVrb.    - 

„  plicatilis,  Sow.  (large)  - 

„  reedensis,  Elh. 

Terebratula  carnea,  Sow.    - 

„  semiglobosa.  Sow.    - 

Terebratulina  gracilis,  Schlotk.  (v  ar.)  - 

„  striata,  Wahl.     - 

Desmepora  semicylindrica,    Roem,   - 
Eschara  Acis,  d-Orh.  -       -        -       - 
Fasciculipora  cretacea,  d'Orh.     - 
Homoeosolen  ramulosus,   Lonsd. 
Melicertites  (Clausa)  globulosii,  dVrb. 
Serpula  ilium,  Sow.    -        -        -        - 
„        plexus.  Sow.  -        -        -        - 
Bourgueticrinus   ellipticus.    Miller    • 
Cardiaster  pygmseus,  Forbes  (large)    - 
Cidaris  clavigera,  Konig    - 
sceptrifera,    Mant. 
serrifera,  Forbes    . 
hirudo,  Sorig,    .    -        -       - 
Cyphosonia  radiatum,  Sorig. 
Echinocorys  scuta tus,  var.  gibbus,  Lam. 
Goniaster  (ossicles)     -        -        -        - 
Ilolastcr  planus,   Mant.     -        -        - 

„  placenta,  Ag.     - 

Micraster  corbovis,    Forbes 

cortestudinariuni,  Goldf.  - 
Lcskei,  Desm.  -  -  - 
praKJursor,  Rowe 

Pentacrinus  sp. 

Salenia  granulosa,  Forbes   - 
Parasmilia   centralis,    Mant, 
Gucttardia  stellata,  Mich.  -        -        - 
Plocoscyphia  convoluta,  T,  Smith 
Porosphaera  globularis,  Phil.     - 
Ventriculites  decurrens,  T.  Smith 
„  impressus,  T.  Smith  - 
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CHAPTER   XI. 
THE  UPPER  CHALK  OF  THE  KENTISH  COAST. 

Notice  of  Previous  Studies. 

i 

The  earliest  description  of  the  Tipper  Chalk  as  exposed  in  the 
cliffs  of  Kent  is  that  by  William  PhiUips  in  1818*,  republished 
in  Conybeare  and  Phillips*  "  Geology  of  England  and  Wales/' 
but  this  description  only  included  the  cliffs  between  Dover  and 
Deal,  not  those  of  the  Isle  of  Thanet. 

The  structure  of  the  Isle  of  Thanet  was  first  explained  by  Mr. 
W.  Whitaker  m  1865  ;t  when  he  showed  that  the  beds  are  raised 
into  a  low  anticline  (or  perhaps  the  half  of  a  dome  or  pericline, 
the  eastern  part  of  which  has  been  worn  away  by  the  sea).  He 
also  pointed  out  that  "the  comparatively  flintless  chalk  of 
Margate  is  above  the  more  flinty  chalk  of  Broadstairs,"  and  that  the 
latter  forms  the  upper  part  of  what  Phillips  had  called  "  the  chalk 
with  many  flints." 

In  1870  Mr.  G.  Dowker  wrote  a  paper  "  On  the  Chalk  of  Kent,"J 
with  a  section  showing  the  sub-divisions  of  the  Kentish  Chalk, 
as  based  on  lithological  differences ;  the  Tipper  Chalk  of  Kent 
being  divided  into  three  parts — (1)  Margate  Clialk,  (2)  Bamsgate 
Chalk,  and  (3)  St.  Margaret's  Chalk,  the  second  including 
Whitaker's  '* Broadstairs  Chalk,"  and  all  the  "chalk  with  many 
flints,"  while  the  third  comprised  all  the  rough  nodular  chalk 
seen  in  the  cliff  at  St.  Margaret's,  near  Dover. 

Mr.  Whitaker's  "  Geology  of  the  London  Basin "  ||  embodies 
the  information  obtained  by  Phillips  and  himself  with  respect  to 
the  coast  section,  adding  some  fresh  particulars. 

The  Chalk  of  the  Isle  of  Thanet  was  the  subject  of  a  careful 
examination  by  Mr.  F.  A.  BedweU  in  1873,§  who  specially  studied 
the  zone  in  which  large  Am/monites  occm*  in  the  cliffs,  giving 
a  detailed  diagram  of  the  cliff  section,  a  tabular  measurement  of 
the  beds  exposed,  and  important  particulars  of  the  continuity  of 
certain  layers  of  flint. 

The  next  contribution  to  our  knowledge  was  from  Professor 
•R.  Hebert,1  who  described  the  whole  of  the  chalk  in  the  cliffs 

*  Trans.  Geol.  Soc.,  Vol.  v.  p.  16. 

t  Quart.  Journ.  Geol.  Soc.,  Vol.  xxi.  p.  395  (1865). 

t  Read  before  the  Geol. Assoc,  and  published  in  Geol.  Mag.,Vol.  vii.  p.  466. 

I   Mem.  Geol.  Survey,  Vol.  iv.  1872. 

§  See  Geol.  Ma^.,  Dec.  2,  Vol.  i.  p.  16  (1874). 

U  Bull.  Soc.  Geol.  France,  Ser.  3,  T.  ii.  p.  416  (1874)." 
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between  Folkestone  and  St.  Margaret's,  grouping  the  beds  in  zones 
according  to  the  classification  which  he  had  adopted  for  the  French 
Chalk,  and  finding  a  close  correspondence  between  the  zones  on 
each  side  of  the  English  Channel. 

This  description  was  supplemented  in  1876  by  the  pubUcation 
of  Dr.  Ch.  Barrois'  "  Recherches,"*  in  which  he  added  further 
particulars  of  the  chalk  at  Walmer,  Broadstairs,  and  Margate, 
and  assigned  the  beds  to  four  zones,  namely  :— 

1.  Zone  of  ifar«upite<-"  Margate  Chalk 

2.  Zone  of  Micraster  coranguinum'^ChaXkoi  Broadstairs  and  Walmer. 

I:  ^l  i  Hl^^pSfr'"'''')^^^  <^  St  Margarets. 

At  that  time  he  included  the  zone  of  Af .  cortestvdiruirium  in  the 
Senojiian  stage,  and  referred  the  zone  of  HoL  planus  to  the  Turo- 
nian,  but,  as  already  explained,  we  shall  include  both  in  our  Tipper 
Chalk. 

Mr.  W.  Hill  described  the  chalk  which  forms  the  zones  of  Hoi. 
plarvua  and  M,  cortestudinarium  in  1886t,  and   compared  these 
beds  near  Dover  with  the  Chalk  Bock  beds  of  Oxfordshire  and 
.  Buckinghamshire. 

Quite  recently  the  whole  of  the  coast  section  from  Dover  to 
Margate  has  been  carefully  studied  and  searched  for  fossils  by  Dr. 
A.  W.  Rowe,  of  Margate,  his  results  being  published  in  March, 
1900.}  This  memoir  differs  from  its  predecessors  in  being  little 
occupied  with  lithological  details,  and  in  being  essentially  a  study 
of  the  zonal  divisions.  The  author  adopts  the  zones  established 
by  Hubert  and  Barrois,  and  by  more  exhaustive  collecting  of  the 
fossils  he  has  determined  the  exact  junctions  of  the  several  zones, 
or  rather  he  indicates  the  beds  within  which  one  zonal  fauna  changes 
to  another,  and  certain  horizons  which  can  be  taken  as  bases  for 
measurement  of  thickness.  This  paper,  with  its  long  and  well 
identified  Ust  of  fossils,  showing  their  zonal  distribution,  is  a 
valuable  contribution  to  our  knowledge. 

Mr.  W.  Hill  also  paid  several  visits  to  the  coast  near  Dover  during 
1897, 1898,  and  1899,  and  on  the  last  occasion  he  had  the  advantage 
of  comparing  notes  with  Dr.  Rowe.  The  result  is  that  we  are  able 
to  make  our  description  agree  very  closely  with  that  published 
by  Dr.  Rowe,  and  at  the  same  time  to  supplement  it  by  more 
continuous  particulars  of  the  beds  comprised  in  the  lower  zones. 

Fig.  44  shows  the  positions  occupied  by  the  lower  zones  of  the 
Tipper  Chalk  in  the  cliffs  near  Dover. 


*  Recherches  sur  le  Terrain  Cr^tac^  Sup^rieur  de  rAngleterre  et  dc 
rirelande.    Mem.  Soc.  G^d.  du  Nord.    4to.   Lille. 

t  Quart.  Journ.  Geo!.  Soc,  Vol.  xlii.,  p.  239. 

t  The  Zones  of  the  White  Chalk  of  the  English  Coast :  Tart  1.,  Kent 
and  Sussex  ;  Proc.  Geol.  Assoc.,  Vol.  xri.  p.  289. 
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Stratiorafhical  Detaiis. 
Zone  of  Holaster  planus. 

As  already  mentioned  in  the  second  volume  of  this  Memoir, 
p.  372y  what  we  take  to  be  the  base  of  this  zone  is  a  bed  of  chalk 
about  four  feet  thick,  full  of  flints,  which  at  the  top  and  bottom 
tend  to  become  arranged  in  line,  so  as  to  form  two  layers.  In  this 
bed  HolcLster  pUiTvas  is  fairly  common.  We  take  this  bed  as  the  base 
of  our  zone  of  Holdster  planus,  partly  because  that  fossil  is  more 
abundant  in  and  above  it  than  it  is  below,  but  mainly  because 
a  bed  in  which  flints  are  thickly  scattered  occiu-s  at  about  the 
same  horizon  in  the  inland  exposiu'es  along  the  North  Downs,  and 
serves  as  a  guide  in  dividing  this  zone  from  that  of  Terebratulina. 
This  flinty  bed  is  not  everywhere  equally  weH  developed,  and 
may  not  be  constant,  but  the  marl  band,  which  occurs  13  feet 
lower  at  Dover,  is  not  persistent  inland,  and  it  is  therefore  much 
more  convenient  to  take  the  former  as  the  base  of  the  Hoi.  planus 
zone. 

Based  upon  this  flinty  chalk,  the  following  succession  of  beds 
can  be  seen  in  the  cliff  at  Fan  Hole,  east  of  Dover  : — 

Ft  in. 

1.  Rough  chalk  consisting  of  hard  lumps  in  a  softer  matrix, 

some  scattered  flints  and  many  fossils  -  -  -  2  6 
Layer  of  flints --04 

6.  Smooth  firm  white  chalk.     -       -       -        -       -       -14 

A  thin  seam  of  marl 

5.  Smooth  firm  white  chalk. 14 

Layer  of  flints 04 

4.  Rough  lumpy  chalk  with  Hoi.  planus  -       -       -       -    2    0 

3.  Seam  of  soft  marl,  forming  a  marked  plane  -       -    0    2 

2.  Rough  lumpy  chalk  with  Hoi.  planus    -       -        -        -    3     6 
1.  Two  layers  of  flints  forming  top  and  base  of  lumpy 

chalk  with  many  scattered  flints     -       -       -       -    4    0 

15     6 

It  will  be  noticed  that  the  beds  between  the  two  upper  layers  of 
flints  present  a  curiously  symmetrical  arrangement ;  this  has  been 
noticed  by  most  observers,  and  is  recorded  both  by  Phillips  and 
Hubert,  and  is  shown  in  Fig.  45.  Dr.  Rowe  takes  the  base  of 
the  zone  at  the  central  open  seam  of  marl  (3),  but  for  reasons 
above  given  we  prefer  to  take  it  at  7^  feet  lower. 

The  succeeding  beds  can  be  examined  along  the  course  of  the 
path  which  is  known  as  Langdon  Stairs. 

The  rough  chalk  at  the  top  of  the  section  just  given  is  the  lowest 
part  of  a  band  of  similar  chalk  which  is  about  17  feet  thick.  It 
consists  of  lumps  or  nodules  of  hard  creamy  yellow  chalk  arranged 
irregularly,  not  in  layers,  but  close  together,  so  that  they  form  the 
bulk  of  the  mass  ;  while  the  interspaces  are  filled  with  a  soft  marly 
kind  of  chalk.  Flints  are  scattered  throughout.  Micrasters 
especially  M.  Leskei  (=  breviporas)  and  M.  priBcursor,  are  very 
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Fi(5.  45.— View  uf  a  porti'in  of  the  cliff  east  of  Dover,  showing  the  beds 
at  the  junction  of  the  Tere&ratulina  zone  with  that  of  Ilolaster  planus. 
The  numbers  on  the  left  »icle  refer  to  the  description  given  on  p.  136. 
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abundant  in  this  chalk ;  Holaster  planus  and  Echinocorya  scutatub 
are  not  uncommon,  and  Gasteropods  of  Chalk-rock  species  make 
their  appearance  in  it. 

Above  this  is  a  well-defined  bed  consisting  of  lumps  of  hard, 
compact,  cream-coloured  chalk  about  a  foot  thick  with  a  clearly- 
marked  upper  surface.  This  is  succeeded  by  whiter  and  less 
nodular,  but  still  somewhat  limipy,  chalk,  in  two  courses,  which 
are  together  4 J  feet  thick.  Then  comes  a  bed  of  hard,  yellowish, 
nodular  chalk,  which  weathers  into  knotty  projections,  and  is  about 
2  feet  thick,  followed  by  6  feet  of  hard,  yellowish,  rocky  chalk, 
rather  rough  and  Ixmipy,  but  more  solid  than  the  beds  below. 
Scattered  flints  occur  in  each  of  these  beds,  and  show  a  tendency 
to  arrangement  in  layers. 

We  believe  that  the  plane  which  we  take  as  the  top  of  the  Hoi, 
planus  zone  is  the  same  as  that  taken  by  Dr.  Rowe,  but  as  we 
begin  the  zone  7  J  feet  lower  than  he  does  we  get  a  total  thickness 
of  43 J  feet. 

The  beds  above  described  can  be  easily  identified  in  the  detailed 
section  published  by  Hubert  in  1874 ;  they  correspond  to  his 
numbers  15  to  20  inclusive,  to  which  he  gives  a  combined  thickness 
of  14*75  metres,  equivalent  to  about  48  feet.  The  greater  part 
of  this,  however,  was  referred  by  him  to  the  upper  part  of  his 
Inoc,  labiatus  zone,  and  he  was  doubtful  whether  even  the  beds 
18-20  belonged  to  the  zone  of  Holaster  planus.  This  latter  zone 
he  considered  to  be  represented  mainly  by  alx)ut  26  feet  of  the 
overlying  chalk  which  we  assign  to  the  zone  of  Micraster  cortes- 
tudinariv/m.  It  is  evident  that  he  was  guided  more  by  the 
presence  of  Holasters  than  by  the  Micrasters,  but  the  fact  serves 
to  show  how  closely  the  two  zones  are  related. 

Part  of  the  zone  of  Hoi.  planus  comes  into  the  top  of  the 
cliffs  west  of  Dover  and  in  1901  Dr.  Rowe  was  able  to  obtain 
its  characteristic  fossils  from  the  debris  of  a  great  fall  from  tlie 
top  of  Shakespeare's  Cliff  in  1899.*  The  chalk  contrasts  with 
that  of  the  Terebratulina  zone  in  being  of  a  greyish  tint  and 
full  of  flints.  Judging  from  the  characters  of  the  Micrasters  he 
found,  Dr.  Howe  thinks  that  this  cliff  includes  the  lower  and 
central  parts  of  the  zone,  but  not  the  highest  part. 

Zone  of  Micraster  cortestudinariiiin. 

The  whole  of  this  zone  can  also  be  examined  by  continuing  the 
ascent  of  Langdon  Stairs. 

Above  the  rocky  chalk  last  mentioned  there  is  softer  chalk 
with  a  few  scattered  flints  for  7  or  8  feet,  this  bringing  us  to  an 
angle  of  the  zigzag  path ;  above  this  comes  similar  chalk  ter- 
minating in  a  bed  of  hard  yellowish  nodular  rock,  the  whole 
al>out  6  feet  thick  and  overlain  bv  a  continuous  seam  of  flint. 

*  Proc.  Geol.  Assoc.,  Vol.  xvii.,  p.  190  (1901). 
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Above  this  continuous  or  tabular  layer  of  flint  the  beds  become 
whiter,  and,  on  the  whole,  softer  and  less  nodular,  but  there  still 
occur  at  intervals  beds  of  hard  rough  lumpy  chalk,  such  courses 
being  generally  from  12  to  18  inches  thick.  This  kind  of  chalk 
continues  for  a  thickness  of  about  60  feet,  and  contains  many 
scattered  flints,  wth  a  few  (three  or  four)  well-marked  layers  of 
flints. 

There  is  no  very  definite  top  to  the  zone,  that  is  to  say,  there  is 
no  bed  of  marked  lithological  character  at  or  near  the  passage 
from  this  zone  to  the  next  which  might  be  regarded  as  its  simmiit. 
We  have  simply  taken  the  highest  of  the  markedly  rough  and 
lumpy  beds  of  chalk  as  the  top  of  the  zone.  This  is  at  a  height  of 
75  feet  above  the  simunit  of  the  Hd.  planus  zone,  and  8J  feet 
below  the  seam  of  flint  which  Dr.  Rowe  calls  the  "  coranguinum 
tabular." 

This  thickness  does  not  aoree  with  the  measurements  taken 
by  Dr.  Rowe  in  St.  Margaret  s  Bay,  where  this  zone  comes  down 
to  the  shore.  At  that  place  (Canterbury  Hole),  he  found  the 
summit  of  the  zone  of  M.  cortestvdinarium,  coinciding  with  the 
highest  yellowish  nodular  bed,  to  be  15  feet  below  the  "  corarv 
guinum  tabular,"  and  26  feet  above  the  "  cortestvdinarivmi 
tabular ;  "  from  which  latter  to  the  base  of  the  zone  only  30  feet 
intervened,  thus  making  a  total  thickness  of  only  56  feet. 

If  both  his  and  our  measurements  are  correct,  it  would  appear 
that  the  zone  has  increased  in  thickness  by  19  feet  in  passing 
from  the  one  point  to  the  other,  a  distance  of  about  two  miles. 
If,  however,  the  zoological  summit  of  the  zone  at  Langdon  Stairs 
should  prove  to  be  at  the  same  distance  below  the  coranamnuni 
tabular  as  at  Canterbury  Hole,  then  the  increase  of  thickness 
would  be  only  12^  feet. 

Viewed  as  a  whole  the  zone  of  M.  cm^teatudinarium  mav  be 
described  as  consisting  mainly  of  chalk  which  is  greyish  in 
colour  with  marly  patches  and  veins,  but  at  intervals  occur  bands 
of  hard,  nodular,  yellowish  chalk,  which  weather  out  in  rough 
relief.  "  This  chalk,"  says  Dr.  Rowe,  "  is  very  curious,  as  we  have 
hard  yellow  nodular  bands,  from  which  fossils  c^n  hardly  be 
extracted,  and  soft  patches  from  which  they  can  be  removed 
with  a  pocket  knife.  The  soft  marly  pockets  are  rich  in  Bryozoa 
and  Foraminifera." 

The  flints  of  this  zone  are  more  or  less  scattered,  and  even 
where  they  tend  to  run  into  a  layer,  they  are  generally  placed 
irregularly  in  a  certain  thickness  of  chalk.  Many  of  them  are 
cavernous,  and  sponge-remains  are  common. 

The  prevalent  fossils  are  Micrasters  with  deeply-subdivided  or 
strongly  inflated  ambulacral  groves,  Holaater  placenta,  and 
Echinocorya  acutatua,  var.  gihhua. 
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The  following  measurements  of  the  beds  composing  the 
of  HoloAter  plcuwas  and  M.  coHestudvnxirwnh  at  Langdon 
were  taken  by  Mr.  Hill  in  1898  :— 
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0    2 


/  Finn  white  chalk  with  layers  of  flints,  about 
White  chalk  with  scattered  flints  (to  comer  of  Ist 
slope)        -        -        -        --        -        -        -12 

White  chalk  with  scattered  flints         -        -        -      8 
J  Thin   layer  of  tabular  flint  (the   "  corangtUnum 

^     tabular '0 

(Dourse  of  rather  rough  lumpy    chalk  without 

flints 3 

dhalk  with  some  flints  at  top  and  bottom    -        -      1 
Chalk  with  few  flints 4 

(Chalk  with  hard  lumps  and  no  flints    ...      3 
White  chalk,   somewnat   lumpy,  with  scattered 
flints,  to  bottom  of  second  sloi)e        -        -        -      9    6 
White  chalk  in  four  beds,  two  without  flints  and 

two  with  scattered  flints 11     6 

-        -        -01 
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0 
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Weak  layer  of  tabular  flint  -       -       -      .  - 
Chalk  with  scattered  flints  passing  down  into 

lumpy  chalk     --       -       -       -       -       -30 

Firm  white  chalk  with  scattered  flints  and  a 

fairly  marked  layer  at  the  top  ...       - 
Rather  rough  lumpy  chalk  with  flints 
White  chalk,  rather  lumpy  but  without  flints  - 
White  chalk  with  scattered  flints     -       -       - 
Well  marked  bed  of  hard  creamy  lumps   - 
Less  lumpy  chalk  with  scattered  flints    - 
Hard  rough  yellowish  lumpy  chalk  with  flints 
Passing  down  to  softer  white  chalk  with  a  well 

marked  layer  of  flints  at  base  -       - 
Smooth  Arm  white  chalk  without  flints    - 
Hard  rough  lumpy  chalk    -       -       -       -       - 

Layer  of  flints     -       -  -       -       -       - 

Chalk  of  irregular  lumpy  texture  with  some 

scattered  flints  in  the  middle  .       .       -       . 

Thin  layer  of  tabular  flint 

Rough    chalk  with   yellowish  limestone  lumps, 

passing  into  smoother  chalk  to  bottom  of  4th 

slope - 

Lumpy  chalk  with  a  few  scattered  flints 
Rough  lumpy  yellowish  chalk  with  some  flints    - 
^  Whiter  and  less  lumpy  chalk       .... 
^  More  compact  yellowish  chalk  passing  down  into 

lumpy  cnalk      -        -       -        -        -        -        -      6 

Two  beds  of  hard  yellowish  chalk  with  4ift.  of 

whitish  lumpy  chalk  between  them  -  -  7 
Rough  lumpy  cnalk,  more  or  less  hidden  by  talus  17 
Smooth  chalk  between  two  layers  of  flints  -        -      3 

Rough  lumpy  chalk 2 

Seam  of  marl  (Dr.  Rowe's  base)    -        -        -        -      0 

Rough  lumpy  chalk      -       -       -        -       -       -      3 

Chalk  with  many  flints  (see  p.  138)      ...      4 


9 
0 
3 
0 
0 
9 
0 

6 
0 
0 
6 

6 
1 


0 
0 
0 
9 

0 

6 
0 
4 
0 
2 
6 
0 


It  will  be  noticed  that  in  this  section  there  are  two  thin  con- 
tinuous layers  of  flint,  and  that  neither  of  them  corresponds 
exactly  in  position  with  that  which  Dr.  Rowe  has  called  "  the 
cortestudinarium  tabular."    Dr.  Rowe  took  the  lower  layer  to 
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be  this  horizon,  and  says  that  he  cheeked  the  measurements 
vnth  those  taken  further  east,  but  we  doubt  if  they  agree  as 
closely  as  he  supposed. 

If  the  above  section  be  compared  with  that  given  by  Professor 
Hebert  it  will  be  seen  that  it  includes  the  beds  which  he  numbered 
21  to  26,  and  probably  also  27,  which  he  describes  as  terminating 
in  "  a  bed  of  hard  chalk  1  metre  thick."  The  thickness  of  beds 
21  to  27  inclusive  he  makes  about  73  feet. 

Dr.  Howe  does  not  give  a  tabular  view  of  the  succession  in 
St.  Margaret's  Bay,  but  he  mentions  certain  lithogical  details 
and  gives  measurements  between  certain  horizons,  from  which 
the  jtollowing  may  be  inferred  as  his  view  of  the  succession  : — 

Feet 

Strong  tabular  layer  of  flint - 

Chalk  with  flints  (M.  coranguinum  zone)     -        -        -        -        16 
/  Chalk  with  several  well-marked  yellow  nodular 
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^     90     © 

O  5»«^ 


;^  Z        bands  from  7  to  5  feet  apart       -        -        -        -        26 

**^    Thin  layer  of  tabular  flint 

}  Chalk  with  yeUow  nodular  bands  -        -        -        -        15 
Marked  layer  of  flint-nodules         .        -        -        . 
Chalk  n  whiter  and  less  nodular]  -        -        -        -        15 
,  Marked  layer  of  flint-nodules        -        -        -        - 
Nodular  cnalk  (no  description  given)     -        -        -        16 
*^  Chalk  Book/'  a  series  of  nodular  beds  containing 

w  5-  -.^  y     brown  phosphate  uodides 9 

2  e  ^  ^  Nodular  chalk 4 


Chalk  with  two  layers  of  flints      -        -        -        -         5  J 
^Open  seam  of  marl 


Dr.  Howe  terms  a  certain  thickness  of  beds  in  the  Hoi.  planus 
zone  "  the  Chalk  Rock,"  and  appears  to  have  been  unaer  the 
impression  that  they  had  been  previously  so  called,  which  is  a 
mistake.  We  do  not  regard  these  particular  beds  as  the  exact 
equivalent  of  the  Chalk  llock  of  the  Midland  Counties,  though 
they  may  represent  part  of  it. 

Zone  of  Micraster  corangi^inum. 

This  is  the  chalk  which  William  PhiUips  described  as  *'  chalk 
with  many  flints  and  with  few  organic  remauis,"  a  brief  description 
which  is  quite  correct.  The  beds  of  flints  are  frequent,  occurring 
at  distances  of  from  18  to  36  inches,  and  being  on  the  average  less 
than  two  feet  apart.  Fossils  are  not  abundant,  and  are  absolutely 
rare  in.  the  lower  part.  On  this  point  we  may  quote  Dr.  Bowe's 
remarks  in  his  recent  paper  on  the  Kentish  coast  section,*  **  Fossils 
are  uniformly  distributed  through  the  upper  three-fourths  of  this 
zone,  being  perhaps  a  trifle  more  abundAnt  at  the  top  than  else- 
where ;  but  the  base  is  nearly  always  singularly  barren  in  organic 
remains  " 

The  cliff  at  the  north  end  of  St.  Margarets  Bay  consists  entirely 
of  this  chalk,  but  it  is  not  very  easy  to  measure,  and  Hubert's 

*Proc.  Qeol.  Assoc,  Vol.  xvL  p.  303. 
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section  is  the  only  detailed  account  yet  published  (Op.  cit.  p.  425). 
Of  this  the  following  is  a  translation  in  descending  order  :— 

Feet 
Chalk  with  flints  -       -       -  -       -       -about    50 

Thick  continuous  band  of  flint. 

Soft  white  chalk  with  flints  in  regular  layers   -       -       -      98 

Chalk  with  numerous  layers  of  flints  and  many  fragments 

of  Inoceramus.    Micraster  coranguinum  found       -      40  to  50 
Dry  homogeneous  chalk  without  flints    -        -        -        -        3 

Soft  white  chalk  with  many  flints  and  many  scatt<?rcd  frag- 
ments of  Inoceramns.    Found  Itioceramus  involutus  and 

a   Micraster 10 

Soft  chalk  with  scattered  flints,  a  thick  bed  of  flints  at  the 
top  and  an  argillaceous  layer  near  the  base.     M.  coran- 

guinum?  and  Holaster  placenta 11^ 

Chalk  with  two  thin  continuous  layers  of  flint  -        -        -         1 
Soft  white  chalk  with  some  flints 6 J 


About     230 

In  all  probability  the"  thick  band  of  flint,"  about  50  feet  from 
the  top  in  this  section,  is  the  bed  lii'st  described  by  Mr.  Bedwell  in 
1874  as  the  "  columnar  band."*  This,  he  says,  is  hke  a  mass  of 
"  irregidar  honeycomb,"  and  it  is  a  foot  or  more  thick,  "  but  its 
chief  peculiarity  is  this,  that  from  it  at  irregular  intervals  spring 
perpendicularly  colimans  of  flint,  similar  in  constitution  to  itself, 
and  extending  to  a  height  of  a  foot  or  a  foot  and  a  half."  This 
bed  he  himself  identified  in  Walmer  cliflfs,  and  its  importance  lies 
in  the  two  facts,  first  of  its  persistence  and  second  of  its  sendng 
as  a  guide  line  to  a  layer  of  tabular  flint  which  comes  in  about 
30  feet  above  it  both  in  the  Walmer  clifts  and  in  those  of  the  Isle  of 
Thanet. 

This  second  marked  layer  of  flint  is  known  as  the  "  three-inch 
band,"  a  name  given  to  it  by  Mr.  Bedwell  in  the  paper  above  men- 
tioned ;  the  existence  of  this  layer  was,  however,  first  pointed  out 
by  Mr.  Whitaker,t  who  also  indicated  its  occurrence  near  the  top 
of  the  Walmer  cliffs,  an  observation  confirmed  by  Mr.  Bedwell, 
and  more  recently  by  Dr.  Ebwe.  The  importance  of  this  bed 
is  that  it  is  known  to  be  just  21  feet  below  the  base  of  the 
Marsupites  zone. 

Dr.  Bowe  does  not  give  any  particulai-s  or  measurement  of  the 
zone  as  seen  in  the  cliffs  between  Dover  and  Kingsdown,  except 
saying  that  these  two  fliint  bands  can  be  traced  all  along  the  upper 
part  of  the  cliff,  and  that  the  higher  one  (the  3  inch  band)  rises 
to  the  top  of  the  cliff  at  St.  Margarets  Bay.  Appended  to  the 
paper,  however,  is  a  section  drawn  to  scale  by  Mr.  C.  D.  Sherborn, 
and  the  thickness  shown  in  this  between  the  lines  drawn  for  the 
base  of  the  zone  and  the  "  3-inch  band  "  is  about  230  feet.  Adding 
21  feet  to  this,  we  have  a  thickness  of  about  250  feet  for  that  of  the 

*  Geol.  Mag.,  Dec.  2,  Vol.  i.  p.  19  (1874). 
t  Mem.  Geol.  Survey,  Vd.  iv.  p.  31  (1872). 
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whole  zone.  We  believe  this  to  be  correct,  and  that  there  was 
some  little  error  in  Hubert's  measurements  near  the  base  of  the 
zone. 

The  succession  may  probably  be  summarised  as  follows : — 

Feet, 

Soft  chalk  with  flints 21 

Three-inch  tabular  band  of  flint 

Soft  chalk  with  flints 30 

Strong  tabular  flint  (Columnar  Bed) 

Soft  chalk  with  layers  of  flints 100 

Soft  chalk  with  layers  of  flints  and  many  fragments  of 

Inoceramus  sheU       - 60 

Soft  chalk  with  scattered  flints 20 

Strong  layer  of  tabular  flint 

Soft  white  chalk  with  scattered  flints 15 

'  246 

Near  Kingsdown  the  cliff  passes  into  a  grass-covered  slope,  and 
the  chalk  is  concealed  from  view.  There  are,  however,  several 
pits  a  little  way  inland,  and  one  S.W.  of  the  Deal  Waterworks 
is  worth  notice  because  we  have  definite  information  for  which 
we  are  indebted  to  Dr.  Rowe  who  visited  it  in  1901.  He  writes, 
"The  chalk  is  massive,  with  regular  layers  of  black  compact 
flints;  we  found  Micraster  coranguinum  and  the  var.  latior, 
EchiTioconua  conicv^,  Cidaria  aceptrifera  C.  peroi^rvata,  C,  clam- 
gera,  the  large  dome-shaped  Echinocorya,  and  ActiTiocaviax 
verua,  but  no  trace  of  Uintacrinua.  I  have  no  hesitation  there- 
fore in  referring  this  chalk  to  the  zone  of  if.  i^yranguinum," 

Pegwell  Bay  coincides  with  a  syncline  occupied  by  Eocene 
Beds,  but  the  Chalk  rises  again  on  the  north  side  of  the  bay, 
and  is  exposed  in  the  fine  cliffs  which  border  the  eastern  part  of 
the  Isle  of  Thanet. 

In  Thanet  the  beds  are  bent  into  a  broad  and  flattish  anticline,  as 
sliown  in  Fig.  46,  consisting  of  the  upper  part  of  the  M, coranguinum 
zone  (Ramsgate  and  Broadstairs  chaU^),  overlain  by  the  Maraupitea 
zone  (Margate  chalk).  Mr.  Whitaker  has  observed  that  although 
the  chalk  of  the  M.  coranguinum  zone  occupies  a  large  part  of  the 
cliff-section,  it  cannot  take  up  much  of  the  surface  area  inland, 
for  the  base  of  the  Margate  chalk  is  nowhere  far  above  the  summit 
level  of  the  cliffs,  and  the  land  generally  rises  inland  from  the 
cliff-edge ;  consequently  the  flinty  chalk  will  only  crop  out  along 
the  bottoms  of  some  of  the  valleys  (see  Mem.  Geol.  Survey,  Vol.  IV., 
p.  35). 

The  following  brief  account  of  the  cliff  section  is  based  upon  the 
descriptions  given  by  Mr.  Bedwell,  Professor  Barrois,  and  Dr. 
Rowe. 

The  zone  of  Af .  coranguinum,  with  here  and  there  a  capping 
of  the  "Margate  Chalk,"  forms  the  cliffs  all  the  way  from 
Ramsgate  to  Kingsgate.  The  "three-inch  layer"  of  flint  is 
brought  up  into  the  cliff  south  of  Ramsgate  by  a  fault  (see  Fig.  46). 
A  little  further  on  it  runs  out  to  the  top  of  the  cliff,  but  comes 
6821  K 
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in  again  below  Ramsgate,  and  can  thence  be  traced  all  the  way 
to  Whiteness,  though  broken  here  and  there  by  faults.  Mr. 
Whitaker  describes  it  as  not  "  strictly  a  tabular  layer,  but  rather 
a  continuous  bed  of  nodular  flint,  as  its  surfaces  are  very  uneven.'^ 
According  to  Mr.  Bedwell's  measurement,  the  "  three-inch 
layer  "  is  21  feet  below  the  yellow  nodular  bed  at  the  base  of  the 
Margate  chalk,  and  31  feet  lower  is  the  thick  bed  of  flint  which 
he  named  the  "  columnar  band  "  ;  while  near  Ramsgate  a  further 
depth  of  43  feet  of  chalk  comes  in ;  so  that,  adding  these  figures 
together,  we  have  a  thickness  of  95  feet  of  the  zone  exposed  in 
these  cliffs.  Dr.  Howe's  measurements  confirm  this  estimate, 
for  he  s&ys  that  the  three-inch  bed  is  75  feet  from  the  base  of  the 
cliff  at  Bamsgate,  and,  adding  21  feet  to  this,  we  have  a  total  of 
96  feet. 

Mr.  Bedwell  states  that  the  three-inch  bed  is  well  known  to  the 
local  well-sinkers,  who  say  that  it  occurs  throughout  the  island, 
and  has  been  proved  as  far  west  as  Westgate.  It  must  not  be 
assumed,  however,  that  this  is  the  only  layer  of  continuous  flint  in 
the  higher  part  of  the  zone ;  several  others  are  visible  in  the  cUff, 
and  layers  of  flint  nodules  occur  with  striking  regularity, 
many  of  them  forming  floors  of  closely-packed  nodules. 

The  junction  of  the  flinty  chalk  of  the.Jf.  coranguinum  zone 

with    the    almost    flintlesa    Marsupites   zone    is    best   seen    at 

Kingsgate,   where  the   following   succession  was    measured  by 

Professor  Barrois  :— 

Ft  in. 
White  chalk  without  flints. 
Hard  yellow  nodular  bed. 

Chalk  without  flints  - 3    4 

Layer  of  large  black  flints 02 

Chalk  with  a  few  flints 6     8 

Layer  of  flints 

Chalk 3    4 

Layer  of  black  flints,  without  white  crust 

Chalk  with  a  few  scattered  flints 3     4 

Layer  of  flints 

Chalk,  slightly  yellowish,  with  many  fossils    -        -       -      5    0 

••  Three  inch  band,"  a  thick  bed  of  tabular  flint    -       -      0    2 

3.  Margate  Chalky  or  zone  of  Marsupites. 

The  special  mineralogical  characters  of  this  division  of  the  Chalk 
have  been  well  described  by  Mr.  Whitaker  as  follows*: — "The 
higher  division,  or,  as  it  may  fitly  be  called,  the  Margate  Clialk, 
contains  but  a  very  few  nodular  flints,  so  that  the  bedding  is  not 
well  shown ;  and  [there  are]  sometimes  thin  layers  of  flint  filling 
the  narrow  vertical  openings  of  the  even  joints.  These  joints, 
which  are  very  marked  and  constant  in  a  direction  about  north- 

*  Quart.  Journ.  Geol.  Soc.,  Vol.  xxi.  p.  396,  1865. 
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west  and  south-east,  are  the  cause  of  the  peculiar  form  of  the  cliffs 
in  many  places  near  Margate,  especially  to  the  west,  where  there 
are  parallel-sided  inlets  worn  back  from  the  shore,  sometimes  for 
some  depth  into  the  cliff,  and  here  and  there  detached  masses. 

''This  division  forms  the  whole  of  the  cliff  from  the  north- 
western corner  of  the  island  to  White  Ness  on  the  north-east. 
Between  the  latter  place  and  Foreness,  a  distance  of  about  three- 
quarters  of  a  mile,  the  face  of  the  cliff  is  more  or  less  along  the 
joint-lines,  [which  are]  here  not  quite  vertical. 

**  At  White  Ness  there  is  a  yellowish  nodular  bed  at  the  bottom 
of  the  cliff,  which  must  be  at  or  near  the  bottom  of  the  Margate 
Chalk,  although  there  is  no  marked  division  between  this  and  the 
chalk  below.'* 

This  yellow  nodular  bed  has  been  taken  by  subsequent  writers 
as  the  base  of  the  MarmjAtes  zone.  Mr.  Bedwell  states  that  for  52 
feet  above  it  the  chalk  has  no  regular  lines  of  flint  nodules,  only 
occasional  flints  here  and  there.  At  a  certain  height,  which  he 
estimates  as  52  feet,  above  this  base  line  there  is  a  layer  of  flints, 
and  he  mentions  two  others  in  the  chalk  above,  each  at  a 
distance  of  10  feet  from  the  one  below  it. 

Dr.  A.  W.  Rowe  has  recently  made  an  elaborate  study  of  the 
Margate  Chalk,  and  what  follows  is  based  on  the  account  which 
he  has  published.  To  the  layer  of  yellowish  nodular  chalk  at  the 
base  of  the  zone  he  gives  the  name  of  "  Barrois'  sponge-bed,"  and 
the  layer  of  flints  indicated  by  Mr.  Bedwell  he  calls  the  "  Bedwell 
line,"  because  he  finds  it  to  be  an  horizon  of  stratigraphical  im- 
portance. 

One  of  the  most  notable  features  of  this  chalk  is  the  frequent 
occurrence  of  large  specimens  of  Am,  [HafioceTas]  leptophyllus,  and 
Mr.  Bedwell,  who  paid  special  attention  to  them,  found  no  fewer 
than  eighty-nine  in  situ  between  Eingsgate  and  Birchington. 
The  majority  of  these  lay  in  a  band  of  chalk  about  20  feet  thick, 
commencing  about  5  feet  below  his  lowest  flint  layer,  which  he 
termed  "the  guiding  line  of  flints.'*  According  to  Dr.  Rowe, 
this  line  of  flints  is  68  feet  above  the  base  (not  52  feet,  as  stated 
by  Mr.  Bedwell),  and  he  informs  me  that  it  is  really  the  only  horizon 
at  which  flints  occur  in  line,  and  that  even  here  the  flints  ax  e  often 
at  a  considerable  distance  apart. 

The  importance  of  this  **  Bedwell  line  ••  is  that  not  only  Am. 
\Hapl,]  leptophylliLS,  but  also  Uintdcrinus  and  Actinocamax  verus, 
do  not  range  above  it.  The  "  Bedwell  line  *'  of  flints  first  comes 
in  at  the  top  of  White  Ness,  which  is  68  feet  high ;  thence  it 
gradually  sinks  westward  to  the  shore-line  at  the  sewer  outfall  near 
Foreness  Point,  where  the  height  of  the  cliffs  is  48  feet.  Adding 
this  to  the  68  feet  below  the  Bedwell  Une  at  White  Ness,  Dr. 
Rowe  gets  the  amount' of  116  feet  for  the  exposed  thickness  of 
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the  zone,  and  he  has  obtained  Marsupitea-plsAes  from  the  top  of 
Foreness  cliff. 

From  Foreness  the  "  Bedwell  line  "  rises  again,  till  below  Hodge's 
Flagstaff,  on  Margate  Parade,  it  is  30  feet  up  in  the  cliff,  and  at 
Fort  Point  it  is  40  feet  up.  In  the  cliffs  west  of  Margate  it  is  again 
seen,  at  first  low  down,  but  gradually  rising  till,  before  coming  to 
St.  Mildred's  Bay,  it  reaches  the  top  of  the  cliff.  In  the  headland 
between  that  bay  and  Westgate  Bay  it  is  about  30  feet  from  the 
cliff-foot,  and  thence  it  gradually  sinks  till,  at  the  west  side  of 
Gore-End  Bay,  it  is  only  15  feet  up,  the  cliffs  there  being  only 
about  25  feet  high. 

Dr.  Howe  remarks  that,  as  the  flints  are  few,  it  is  not  always 
easy  to  follow  the  ^*  Bedwell  line,  '*  and  in  some  places  it  is  quite 
as  easy  to  follow  the  line  of  the  Amnumites  themselves,  as  in  this 
part  of  the  coast  they  extend  nearly  up  to  the  flint-line.  In  follow- 
ing the  ^'  Bedwell  line  "  a  valuable  aid  will  be  found  in  a  yellow 
sponge-bed,  which  occurs  with  considerable  constancy  2  or  3  feet 
below  it,  and  can  be  traced  throughout  the  section. 

As  to  the  distribution  of  the  fossils,  Marsupites  and  Actinocamax 
Merceyi  (=A  granulatiLs)  occur  chiefly  in  the  upper  beds,but 
both  have  been  found  as  low  as  30  feet  below  the  "  Bedwell  line.'^ 
The  pyramidal  form  of  J^cAinocory^  9cutatu8  is  abundant  through- 
out, but  especially  just  below  the  "  Bedwell  line.'*  Galerites 
cUbogalems  is  abundant  at  and  near  the  base  of  the  zone,  and  is 
a  rare  fossil  above  the  "  Bedwell  line."  Dr.  Rowe  gives  the 
following  scheme  of  the  zone  and  its  principal  characteristio 
outological  features : — 
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/         MarnimUB 
Band, 
48  feet  exposed. 

The    Bedwell    Line 


'Marsujntes  testudiTiarius. 
Actinocamax  Merceyi  {^granulatwt) 
EchinocaryB  vulgartB  (tar.  pyramidattu) 
Bourgueticrinus  $p.  nov, 
^TereJbratvlina  Ecivei. 


UifUacrintu 
Band, 
thickness  68  feet. 


Barrois,  Sponge-bed 


'Band  of  Echinocorys  pyramidatui. 
Uintacrinus. 
Actinocanuix  verus. 
Ammonites  leptophyllus, 
Bourgueticrinus  sp,  nov. 
Ter^atulina  Rowei. 
\Band  of  Eehinoconus  conicus, 
vvvvvvvvvvvv 


Terebratulina  Rowei  is  a  new  species  described  by  Dr.  Kitchin, 
and  is  said  by  Dr.  Howe  to  be  characteristic  of  the  zone,  occurring 
all  through  it,  and  being  very  rare  in  any  other.  Uintacrinus  is 
another  characteristic  fossil,  (see  p.  20). 

The  inland  extension  of  the  Marsupites  zone  has  not  yet  been 
traced,  but  Dr.  Rowe  informs  me  that  it  occurs  above  the  cliffs 


150 


rHB  CRETACBOUB  BOCKS  OF  BRITAIN. 


N.K  of  Dover.  In  a  field  S.S.W.  of  St  Nicholas  Church  at 
Ringwold,  and  on  the  contour  line  of  200  feet,  he  found  a  small 
exposure  which  yielded  many  plates  of  Uiniacrinua  and  nipple- 
shaped  heads  of  Bov/rgueticrinvs. 

The  occurance  of  the  "  Margate  Chalk,"  ¥dth  very  few  flints, 
in  the  cuttings  on  the  London,  Chatham  and  Dover  Ime,  between 
Sibertswold  and  Bekesboum,  was  noted  many  years  ago  by 
Mr.  Whitaker,  who  records  a  plate  of  Marmxjpitea  as  found  in 
one  of  them.* 

List  of  Fossils  from  the  Upper  Chalk  of  the  Kentish  Coast 

• 

The  following  list  is  based  on  that  recently  published  by  Dr. 
A.  W.  Bowe  in  the  paper  to  which  reference  has  been  made.  Occur- 
rences recorded  by  him  are  indicated  by  a  cross  (  x  ) ;  those  noted 
by  others  are  indicated  by  letters,  and  the  explanation  of  the  letters 
is  as  follows  : — B=Barrois  in  his  "  Eecherches  sur  le  Terr.  Cr^t. 
de  TAngleterre  "  (1876) ;  D=Dowker,  in  Geological  Magazine, 
Vol.  vii.  p.  472  (1870) ;  H=W.  HiU  in  Quart.  Joum.  Geol.  Soc, 
Vol.  km.  p.  240  (1886)., 
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Repiilia, 
Leiodon  ap.        -       -       -       - 
Polyptychodon  sp.     - 

Pisces. 
Anomoeodus  angustus,  Ag. 
Belonostomus  cinctus  ^  Ag.  -    - 
Beryx  ("?  genus)  -        - 
Cimdichthys  lewesiensis,  Leidy 
Coras  affinis,  Ag. 
„     falcatus,  Ag,  ' 
„     pristodontus,  Ag,   - 
Enchodus  lewesiensis,  Mant    - 
Lamna  appendiculata,  Ag, 
l^lacropoma  Mantelii,  Ag, 
Notidanus  microdon,  Ag, 
Oxyrhina  Mantelii,  Ag,    ^ 
Portheiis  sp.      -       -       -       - 
Protosphyrsena  ferox,  Leidy     - 
Ptychodus  mammiilaris,  Ag,   - 

,»       polygynis,  Ag, 
Scapanorhyncnus  subulatus,  Ag, 

Cephalopoda, 
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Haplocerasl  leptophyllus,  Sharpe 
„       J  obecuniB  ?   Schluter 
'Placenticeras]  obtectus,  Sharpe 
Tachydiscus]  peramplus,  Mant, 
Acanthoceras]  of.  Mantelii,  Sow, 
ites  bohemicuB,  FriUch 
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*  See  Mem.  Geol.  Survey,  vol.  iv.,  p.  89  (1872). 
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Heteroceras  reussianum,  c{*0r6. 
Scaphites  Qeiaitzi,  d'Orb. 
Actinocamax  granulatiis,  Blainv,     - 

„  verus,  Miller 

Nautilus  fleuriaiisianus,  d'Orb.  - 
„        sublaevigatus,  d'Orb.  - 

Gtuteropoda. 

Aporrhais  Mantelli,  Gard. 
Avellana  Humboldti?  MUller - 
Cerithium  Saundersi,  Woods    - 
Dentalium  turonense.  Woods  - 

Hipponyx  sp. 

Natica  vulgaris,  Reuss      -       -        - 
Pleurotomaria  perspectiva,  Mant     - 

„           sp.  (ornamented) 
Solarium  ?  -       -       - 
Trochus  Schliiteri,  Woods 
Solariella  gemmata,  Sow.  (»Turbo)- 
Turbo  sp. 

Lamellibranchiata . 


Avicula  sp.         -       -       - 
Inoceramus  Brongniarti,  Sow, 
Cuvieri,  Sow, 
involutus,  Saw,     - 
lingua,  Goldf. 
mytiloides,  Sow.    - 
undulatus  ?    Mant. 


sp. 


Lima    granosa,  Goldf.      ... 
„      Hoperi,  Sow.  ... 

„      Mantelli,  Brongn, 
Ostrea  alseformis,  S,  Woodw.   - 
acutirostris,  Nilss. 
canaliculatsl,  Sow, 
curvirostrb,  Nilss. 
hippopodium,  Nilss.     - 
normaniana,  d'Orb. 
semiplana,  Sow.    -       >       - 
vesicularis.  Sow.    .       -       - 
wegmanniana,  d^Orb.    - 
Pecten  campaniensis,  d'Orb.     - 

cretosus,  Defr.  (— nitidus)   - 
pexatus.  Woods.     -       -       - 
undulatus,  Nilss,  -       -       - 
(Neithea)  cequicostatus  1  d'Orb, 
Dutemplei,  d'Orb. 
quinquecoetatus.  Sow. 
Plicatula  Barroisi,  Peron 

„         sigillina,  S.  P.  Woodw. 
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Radidites  Mortoni,  ifanf. 

Spondylus  dutempleaniis,  d'Orb. 
latus,  ^010. 
serratus,  Woods 
spinoeiis,  Sow. 

Teredo  amphisbeena,  Goldf.     - 

Trapezium  trapezoidalis,  Roemer 


Brachiopoda. 

Crania  egnabergensis,  Rett.      -  -       .       • 

„      parisiensis,  Defr,    -       -  -       -       • 

Kingena  lima,  Defr.         -       -  -       .       . 

Magas  pumilus,  Sew,        -       -  •       .       . 
Rhynchonella  Cuvieri,  dCOrh. 

limbata,  Schloih. 

plicatSis,  Saw.  -  -       -       • 
„        var.  octoplicata,  Sow. 
reedensis,  Eih. 

Terebratula  carnea,  Sow.          .  .       .       . 

„        semiglobosa,  Sow.  -       -       • 
Terebratulina  gracilis,  Schloih.  (var.) 
„           Rowei,  Kitchin 

,,           striata,  Wahl.     -  -       -       . 

Thecidium  Wetherelli,  MorrU  -  -       -       . 
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Bryozoa. 
Alecto  (StomatopDra)  gracilis,  Edw.  - 
Atagma  papularium,  Lonsd.     - 
Desmepora    semicylindrica,  Lonsd,  - 
Diastopora  (Proboscina)  ramosa,  Edw. 
Marginaria  Rcemeri  ?  Lonsd.    - 
Pustulipora  pustulosa,  Lcfnsd,  - 
Vincularia  leda,  cTOr^. 

Cnwtoeea. 
Enoploclytia  Leachi,  Mant. 
Pollicipes  glaber,  Rotmer  -       -       - 
Scalpellum  fossula,  Darw. 
„  maximum,  Sow. 


Crinoidea  and  Asteroidea. 
Antedon  Lundgreni,  Carp. 
Antedon  perforata,  Carp. 

„       striata.  Carp. 
Bourgueticrinus  ellipticus.  Miller 

„  sp.     - 

Marsupites  testudioarius,  Schloih. 
Mitraster  Parkiosoni,  Forbes    - 

„        uncatus,  Forbes 
Ophiura  sp.       -       -       -       - 
Oreaster  Boysi,  Forbes 

obtusus,  Forbes  - 
pistilliferus,  Forbes 
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Pentacnnus  sp.  -       -        .       . 

Uintacrinus  westfalicus,  Schliiter 

Echinoidea, 
Cardiaster  ananchytis,  Goldf.    - 
Cidaris  clavigera,  Kimig    -      -       - 
hirudo,  Sorig,       -       -       - 
perornata,  Forbes 
sceptrifera,  ManU 
serrifera,  Forbes  -       - 

Cyphosoma  corollare,  Klein 
Koenigi,  Mant, 
radiatum,  Sorig.    - 
spatiUiferum,  Forbes 
Discoidea  Dixoni,  Forbes 
Echinocorys  scutatus,  var.  gibbus,  Lam 
„  „       van?      - 

„  „       var.  pyramidatus 

Eptaster    gibbus,  Lam.    -       -       - 
Qalerites  slbogalems,  Letke 

„     globulus,  Desor 
Hemiaster  mimmus,  Ag. 
Hdaflter  planus,  Mant,    •       -       - 
„        placenta,  Ag,     -       -       - 
Infulaster  (Hagenowia)  rostratus,  Forbes 
Micraster  coranguinum,  Leske 

corbovis,  Forbes  -  -  - 
cortestudinarium,  Gcldf,  • 
Leskei,  Desm,  -  -  - 
prsecursor,  Eowe 
Offaster  pillula.  Lam.  ... 
Salenia  geometrica,  Ag, 

„     granulosa,  Forbes 
Zeuglopleurus  Rowei,  Greg, 
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Annelida. 
Serpula  ampullacea,   Sow. 
„      fluctuata,  Sow,     - 
„      granulata,  Sow.    - 
Sorpula  ilium,  Sow.     - 

macropus,  Sow,   - 
plana,  Woodw, 
plexus,  Sow. 
turbinella.  Sow,    - 
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Actinozoa, 
Axogaster  cretacea,  Lonsd.       -       -       - 
Caryophyllia  cylindracea,  Reuss 
CcBlosmiiia  laxa,  Ed.  and   H.  - 
Epiphaxum    auloporoides,    Lonsd.    - 
Parasmilia  centralis,  Mant.       -       -       - 

„    var.  gravesiana,  Ed.  and  H, 
Mantelli,  Ed.  and  H. 
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Parasmilia  cylindrica,  Ed,  and  H. 

„        Fittoni,  Ed.  and  H. 

„        granulata,  Duncan  • 
Onchotrochus  serpentinus,  Duncan 
Stephanophyllia  Michelini,  Lansd. 


SpoTigida. 
CameroBpongia  aperta,  Hinde 

„  campanulata,  T,  Smith     - 

„  subrotunda,  Mant    - 

Cephalites  Benettiae,  Mant. 

„        catenifer,  T.  Smith  - 
„        longitudinalis,  T.  Smith  - 
Clioaa  cretacea,  Portl,      -       -       -       - 
Coscinopora  infundibuliformis,  Goldf, 
Craticukiria  Fittoni,   Mant,      -       .       - 
Doryderma  ramoeum,  Mant    -       -       - 
Guettardia  stellata,  Mich.        .       .       . 
Heteroetinia  obliqua,  BenetU    -       •       - 
Leptophragma  Murchisoni,  Goldf.     • 
Ophiraphidite?  anastomosans,  Hinde 
Pachinion  scriptum,  Roemer     - 
Fharetrospongia  Sti^hani,  Solla^     - 
Pholidocladia  ramosa,  Hinde 
Placotrema  cretaceum,  Hinde   -       -       - 
Plinthosella  compacta,  Hinde 

„  nodosa,  Hinde       -        .        - 

„  squamosa,  Zitt 

Plocoscyphia  convoluta,  T.  Smith    - 

„  labrosa,    T.   Smith 

Polyblastidium  racemoeum,  T.  Smith    - 
Porochonia  simplex,  T.  Smith  -       -       - 
Poroephsera  globularis,  Phil.    -       -       - 
„  pileolus,  Lam. 

„  Woodwardi,  Carter 

Siphonia  Kcenigi,  Mant.  -  -  -  - 
Steletta  inclusa,  Hinde  -  .  -  - 
Stichophyma  tumidum,  Hinde  -       -       - 

Toulminia  sp. 

Tremabolites  perforatus,  T.  Smith    - 
Ventriculites  convolutus,   Hinde 

cribrosus,  Phil.    -       -       - 
decurrens,  T.  Smith   • 
impressus,  T.  Smith    - 
infundibuliformis,  S.  Woodw 
mammillaris,   T,  Smith 
radiatus,  Mant. 
Verrucocoelia  tubulata,  T.  Smith    - 
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CHAPTER     Xn. 
THE  UPPER  CHALK  IN  THE  WESTERN  PART  OF  KENT. 

General  Bemarks. 

The  Chalk  of  Kent  has  not  yet  been  re-examined  by  any  member 
of  the  Geological  Survey,  and  though  Mr.  Hill  has  traced  the 
lower  zones  along  the  escarpment  the  only  district  where  he  has 
had  an  opportunity  of  examining  the  higher  zones  is  that  of 
Rochester  and  Chatham. 

The  bed  which  we  have  taken  as  the  base  of  the  zone  of  Holaster 
planus,  and  therefore  of  the  Tipper  Chalk,  is  one  in  which  flints 
are  thickly  but  irregularly  scattered.  Below  it  flints  are  scarce 
and  above  it  they  are  frequent ;  moreover,  Echinocorys  scutntus 
never  occurs  below  this  b^,  but  comes  in  very  soon  above  it.  It 
may  not  continue  to  be  exactly  on  the  horizon  of  the  bed  which 
we  have  taken  as  the  base  near  Dover,  and  it  is  usually  thinner, 
but  it  seems  to  represent  that  bed  and  also  to  be  fairly  persistent. 

Above  it  the  chalk  consists  for  the  most  part  of  hard  compact 
and  semi-crystalline  limips  embedded  in  a  softer  mealy  kind  of 
chalk ;  in  weathered  faces  these  hard  lumps  are  conspicuous 
as  knobby  projections,  and  at  irregular  intervals  there  are  beds 
of  cream-coloured  nodules  or  lumps  of  indiu'ated  chalk,  and 
occasionally  couraes  of  hard  compact  limestone,  much  resembling 
the  Chalk  Bock  of  Midland  coimties. 

As  in  the  coast  section,  the  division  into  zones  of  Holaster  plantis 
and  Micr,  (xyrtestvdvnnrivmh  is  more  imaginary  than  real,  and  in 
most  places  the  one  zone  seems  to  pass  into  the  other.  Between 
them,  however,  they  include  all  tlie  rough  lumpy  chalk,  and 
near  Chatham  they  seem  to  have  a  clearly  marked  upper  limit 
in  a  bed  of  compact  limestone,  which  serves,  at  any  rate  locally, 
to  divide  the  zone  of  M.  cortestvdinarvwm  from  that  of  M.  coran- 
guinum.  Fortunately  the  chalk  quarries  at  Chatham  have  been 
well  searched  by  Mr.  W.  Gamble,  and  from  him  we  have  been 
able  to  obtain  a  collection  of  fossils  which  must  fairly  represent 
the  fauna  of  the  M.  cortestudinarmm  zone. 

The  chalk  of  these  two  zones  of  Holaster  planus  and  Micraster 
cortestvdinarimrb  has  a  thickness  of  over  100  feet. 

With  respect  to  the  zones  which  are  present  in  the  western 
part  of  Kent  no  very  certain  evidence  has  hitherto  been  forth- 
coming. The  larger  number  of  the  pits  appear  to  be  opened  in 
the  zone  of  Micraster  corcmguiwum,  and  no  plates  of  MarsupiUs 
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have  yet  been  recorded  from  this  part  of  the  comity.  On  the 
other  hand,  two  Bdemnites  occur  at  Gravesend  and  Cliffe, 
namely,  Actinocamax  graii/ulatus  and  Act,  verus,  both  of  which 
are  common  in  the  Marsv/pites  Chalk  of  Margate.*  It  is  possible, 
therefore,  that  the  zone  of  MarsupUes  is  represented  at  these 
places,  but  Dr.  Bowe  is  of  opinion  that  the  Chalk  of  Gravesend 
belongs  to  the  zone  of  M,  coranguinum. 

As  to  the  thickness  of  Upper  Chalk  in  West  Kent  there  is  no 
certain  knowledge,  but  the  total  thickness  of  the  Chalk  has  been 
determined  by  several  borings,  and  from  the  records  of  them  some 
idea  of  the  thicknesses  of  the  three  divisions  can  be  obtained. 
Two  borings  at  Chatham  Dockyard  give  a  total  thickness  of  682 
to  689  feet  for  the  Chalk,t  and  this  is  believed  to  include  the  full 
local  thickness.  The  following  details  are  recorded  of  the  Chalk 
in  one  of  these  borings  :— 

1^   •  ["Soft  chalk,  with  a  layer  of  flints  at  bottom 

8.^  J  Block  chalk,  with  many  layers  of  flints   - 

£*g  I  Hard  rocky  material,  call^  "  white  flint "    - 

I  Chalk  with  many  layers  of  flints    -       -       - 

^      ^   .  f  Hard  chalk  (no  particulars  given),  this  probably 

""•^  S:S  J       includes   the  zones  of    TerebrattUtna   and 
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^  I  Chalk  and  Chalk  Marl      - 

689    0 

This  gives  a  thickness  of  265  feet  for  the  Upper  Chalk  near 
Chatham,  but  more  chalk  probably  comes  in  to  the  north  of 
that  place. 

A  boring  at  Crossness  was  made  in  1877,  and  in  the  original 
account  the  thickness  of  Chalk  is  given  as  631,  with  65  feet  of 
"  Upper  Greensand "  below,  but,  as  Mr.  Whitaker  remarks,J 
"  probably  the  greater  part  belongs  to  the  Chalk  Marl  "  ;  consider- 
ing indeed  the  proved  thickness  of  the  Chalk  at  Chatham  and  the 
nature  of  the  beds  at  the  outcrop  near  Otford,  it  is  probable  that 
all  but  5  or  6  feet  belongs  to  the  Chalk  Marl,  hence  we  may  con- 
clude that  the  total  thickness  of  the  Chalk  at  Erith  is  about  690 
feet.  No  particulars  respecting  the  successive  beds  of  chalk 
traversed  by  this  boring  have  been  preserved,  but  in  another 
boring  made  in  1875,  at  Belvidere,  in  Enth  Marshes,  and  recorded 
by  Mr.  Whitaker  (op.  cit.  p.  60),  over  300  feet  of  chalk  were  pene- 

*  Belemnitella  mucronata  has  been  quoted  as  occurring  in  the  chalk  of 
Qravesend  and  Northfleet^  but  Mr.  Newton  informs  me  that  this  is  a 
mistake,  the  specimens  bemg  really  Jid.  lanceolate^  which  has  a  greater 
range  than  Bel.  mucronata, 

t  Published  by  Mr.  W.  Whitaker  in  a  paper  "  On  some  borings  in  Kent," 
Quart.  Journ.  Qeol.  Soc.,  Vol.  xlii.,  p.  28  (1886). 

I  Qeology  of  London,  Vol.  it  p.  67,  Mem.  Qeol.  Survey  (1889). 
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trated,  and  full  particulars  were  supplied  by  Messrs.  T.  Docwra 
and  Son.    In  a  condensed  form  these  may  be  stated  as  follows  :~ 

Ft.    in. 
Base  of  Eocene  at  145}  feet. 

Chalk  with  few  flints 616 

Chalk  with  many  flints 669 

Rock  Chalk -  1    6 

Soft  Chalk  with  many  layers  of  flints    •       -       -       -  97    0 

Chalk  rock  (i.e.,  hard  calk) 16 

Chalk  with  flints -       -  17     9 

Grey   marl 13 

Chalk  with  flints      -       -               32    3 

Alternating  hard  and  soft  beds,  described  as  sandstone, 

grey  marls,  marly  chalks  and  bluish  rock-beds         -  45    0 


314    6 


The  lowest  45  feet  may  be  part  of  the  zone  of  Micraster 
cortestudvnarium ;  the  overlying  chalk  with  flints  must  represent 
the  zone  of  M.  caranguirMim  (208  feet),  and  the  uppermost 
Gl^  feet  is  probably  the  same  chalk  as  that  which  is  exposed 
at  Cliff e  and  Gravesend. 

In  dealing  with  the  stratigraphical  details  of  the  inland  areas 
it  will  be  convenient  to  take  the  Upper  Chalk  in  two  divisions, 
following  first  the  beds  below  the  M.  coranguinum  zone,  and 
then  those  of  and  above  that  zone. 

Stratigraphical  Details. 

A.  Zones  of  Holaster  planus  and  Micraster 

cortestudinarium. 

A  good  expostire  of  the  basal  beds  of  the  Upper  Chalk  was 
seen  in  a  quarry  300  yards  west  of  St.  Lawrence  Church,  God- 
mersham,  the  section  being  as  follows  :— 

Ft.    in. 

Soil  and  rubble 2    0 

^Firm  white  chalk,  weathering  near  the  surface 
in  thin  platy  pieces,  containing  three  layers 

of    flints,    hoi.    planus 

A  marked  layer  of  large  flints     -       -       -       . 
Rather  rough  lumpy  white  chalk    -       -       - 
Bed  of  small  scattered  flints     -       •       -       . 
Smooth  firm  chalk  without  flints     -       -       . 
Hard  white  chalk  with  many  scattered  flints, 
at  the  base  a   marked  bed  of  hard  cream 
colom-ed   nodules,   rusty   coloured  exteriorly, 
Hoi.  planus,  Micraster  sp.,  Ter.  carnea 
Hough  lumpy  white  chalk  with  a  few  flints 
A  layer  of  cream  coloured  nodules    -       -       - 
.Rough  lumpy  chalk  with  very  few  flints  • 


3 
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§      rA  well  marked  marly  layer      -       -               -  0    6 

^  ^  g  J  A  course  of  massive  smooth  white  firm  chalk   -  2    0 

^  I  g  S  A  line  of  large  flints 10 

J      ^Smooth  firm  white  chalk  with  a  few  smaUish 

flints seen  for  6    0 


Total     37     9 

At  the  Warren  Quarry,  two-thirds  of   a  mile  N.N.W.  of  AH 
Saints  Church,  Boughton  Court,  the  section  was  as  follows : — 

Ft    in. 
SoU  1    - 

Rough  lumpy  creamy  yellow  coloiu-ed  chalk 

with  scattered  flints,  T.  cornea^  RhynchoneUa 

sp.  H.  planus^  Micraster  sp.  ... 

Course  of  smoother  white  chalk     -       .       . 

Layer  of  flints 

g  I  Rough  lumpy  chalk,  hard  lumps  in  a  matrix 
'^1     of  mealy  chalk  no  flints      -       - 

Marl  band  -        - 

Rough  lumpy  chalk  with  a  few  scattered  flints  - 

Thin  seam  of  marl 

Rough  lumpy  chalk  with  many  flints  especially 

in  the  lower  3  feet ft6 

'Massive  bedded,  firm  white  chalk  with  a  few 

scattered   flints 90 

S  *S  .§  ^  A  marl  band       -        -       -       --       --06 

eS^^  I  Massive  firm  white  chalk  with  a  few  small 

scattered  flints        -       -       -       •     seen  for     16    0 


m 
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Total     54     9 


Expostires  of  the  chalk  in  the  zone  of  Holdster  plamis  occur  in  a 
quarry  on  the  top  of  the  Downs,  one-third  of  a  mile  south-south- 
east of  Cold  Blows  Farm,  and  in  the  upper  part  of  the  quarry,  at 
Harp  Farm,  near  Bosley .  The  base  of  this  zone  is  possibly  also  seen 
in  the  top  of  the  quarry  at  the  Lower  Bell  Inn,  but  in  1896  this  part 
of  the  face  was  not  accessible.  In  the  highest  quarry  near  the  main 
road,  just  beyond  Kits  Coty  House,  on  Blue  Bell  Hill,  the  chalk 
exposed  is  probably  the  base  of  the  zone  of  H.  platvusy  while  a  small 
roadside  pit,  some  300  yards  south  of  the  Upper  Bell  Inn— Blue 
Bell  Hill— must  be  in  the  zone  of  M.  cartekudinarium,  as  a 
specimen  of  the  typical  form  was  obtained  there. 

The  Upper  Chalk  quarry  of  the  Burham  Brick  and  Lime  Com- 
pany on  Blue  Bell  HiU,  gives  a  section  of  nearly  the  whole  of  the 
zones  of  Holaster  pZontis  and  Terebratulvna,  The  method  of 
working,  the  insecurity  of  foothold,  and  the  great  height  of  the  face 
of  this  and  other  quarries  in  the  Medway  Valley  make  it  rather 
difficult  to  obtain  an  exact  measurement,  but  as  far  as  could  be 
ascertained,  the  section  was  as  follows  in  1896.  Doubtful 
points  were  checked  again  in  1897,  and  roughly  compared 
again  in  1898.  The  point  at  which  the  section  was  taken  was 
not  quite  the  highest  in  the  quarry. 


WESTERN   PART  OF  KENT. 


159 


eft 

3 

e 

Q 

•8. 
S 

o 

d 

cS 


2C    0 


16 

0 

0 

6 

5 

0 

0 

6 

3 

6 

0 

6 

""I 

I 


tS 


Ft    in. 

^Very  rough  rubbly  hard  crvstaUine  chalk, 
weathering  at  the  surface  in  platy  fragments  ; 
some  flints.  Micraster  corbovis,  HoL  planus^ 
Echinocorys  scutatus     -       -       -       -  about 

Rough  lumpy  chalk,  uneven  texture,  scattered 
flints,  Echinocorys  scutatus      -        .        -        - 

Layer  of  flints 

Maiasively  bedded  chalk,  not  quite  so  rough  as 
that  above  but  few  scattered  flints 

Layer  of  flints      ------- 

Rough  hard  lumpy  chalk  in  one  ratht'r  massive 
bed     -  

Layer  of  flints  .--.-- 

Rather  rough  and  lumpy  chalk,  but  not  so 
rough  as  that  above.     Micraster  sp.     - 

Rather  rough  hard  chalk  with  many  scattered 
flints,  at  some  points  along  the  face  the  flints 
seem  arranged  in  two  layers,  one  at  top  and  one 
at  the  bottom  of  this  course,  at  others  they 
are  thickly  scattered  through  the  bed 
/Firm  smoother  white  chalk     -        -       -       - 

Firm  white  smooth  chalk,  with  a  bed  of  hardish 
iron  stained  lumps,  about  10  feet  down, 
a  few  scattered  flints,  and  3  or  4  indefinitely 
marked    layers         -  -       -        .         25-30  0 

Massive  homogeneous  white  chalk  with 
occasional  seams  of  soft  marl  from  the  lowest 
flint  Une  to  the  floor  of  the  quarry — measured 
in    1896  -        .       -        .  -       -  117     0 


3     0 


3 
4 


0 
0 


K. 


198     0 


Another  large  quarry  called  Bores  Hole,  on  the  eastern  bank 
of  the  Medway,  at  Whom's  Place,  three-quarters  of  a  mile  south- 
west of  Cuxton  Station,  exposes  the  upper  part  of  the  Middle 
Chalk.  In  1896  the  whole  of  the  upper  part  of  the  quarry  was 
inaccessible,  but  the  perpendicular  face  enabled  one  to  see  the 
succession  from  the  upper  part  of  the  Terdrratvlina  zone 
to  the  zone  of  Micraster  cortestudinarium.  The  bed  of  flints 
at  the  base  of  the  zone  of  Holaster  planus  was  well  seen,  and  the 
chalk  above  it  presents  a  contrast  to  that  below  in  the  abundance 
of  flints  which  occur,  not  only  as  scattered  nodules,  but  in  layers 
at  short  distances  apart ;  there  are  also  one  or  two  layers  of  tabular 
flint  near  the  top  of  the  quarry. 

In  1898  it  was  possible  to  measure  a  certain  portion  of  the  face 
from  the  top  of  the  Terebratulina  zone  through  that  of  Holaster 
plaTvas,   and  this,  in   conjunction  with    the  two  quarries  to  be 


*A  part  of  this  is  probably  in  the  zone  of  M.  corUstudinarium^  but  we 
are  inclined  to  estimate  the  thickness  of  the  zone  of  H.  planus  in  this 
(listrict  as  from  40  to  45  feet. 
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mentioned  next,  gives  a  section  through  the  zones  both  of  H,  planus 
and  M.  cartestudinarium.    It  is  as  follows  :— 


CO 


3 

I 

s 


"White  chalk  of  rather  irregular  texture,  some- 
what mealy  to  the  touch,  and  the  lumpy  charac- 
ter not  8o  evident  as  is  frequently  the  case; 
layers  of  flints  alternate  with  courses  of  the 
chalk,  each  course  being  from  1ft.  6in.  to 
2ft.  5in.  HiA,  planus  and  Ter.  lemigloboM  - 
White  chalk,  texture  irregular,  lumpy    - 

Layer  of  flint 

White  chalk  in  two  courses  -  -  -  • 
A  well  marked  layer  of  flints  -  -  -  - 
White  chalk  as  before  in  two  courses  no  flint€  - 
A  marl^  layer  not  well  marked 
A  massive  course  of  white  chalk,  no  flints 
Course  of  white  chalk,  separated  from  that 
above  by  a  thin  weak  layer  of  tabular  flint   - 

Layer  of  flints 

White  chalk  of  irregidar  texture,  lumpy,  contain- 
ing a  few  scattered  flints       .... 

Layer  of  flints      - 

A  course  of  rather  rough  lumpy  chalk  with  a  few 

scattered   flints 

Bough  lumpy  chalk  with  many  scattered  flints, 
inclined  to  a  definite  layer  at  top    -       -       - 


Ft  in. 
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2     6 


2     0 


•» 


Rough  lumpy  chalk  in  two  courses,  with  but 
few    flints         .---... 


S  b  "i  1  Firm  blocky  chalk    with  three  or  four  layers 
eS  ^  **  i     of  flints  in  the  upper  part    - 


5    0 
-+f>0    0 


From  the  lower  ten  feet  of  the  zone  of  Hoi.  plantis  Mr: 
Rhodes  obtained  Holaater  planus,  Micraster  Leakeiy  Cyphosonui 
radiaium,  Bhynchanella  pUcatUU  and  a  few  other  fossils. 

On  the  opposite  side  of  the  river  and  west  of  Borstal  is  another 
quarry  called  the  Borstal  Manor  Pit ;  this  is  about  70  feet  deep 
and  shows  a  similar  section  through  the  upper  part  of  the 
Terehratulirui  zone  and  the  greater  part  of  the  Hoi.  planus 
zone.  Mr.  Gamble,  of  Chatham,  collected  fossils  for  me  from  the 
H.  planus  zoiLQ  here  in  1901,  and  the  species  obtained  are  included 
in  the  list  on  p.  168.  He  also  obtained  fossils  from  the  trench 
roimd  Borstal  Fort  which  seem  to  indicate  the  zone  of  if. 
cortestudinarium  at  that  spot.  They  include  Micmster  prcecursoTy 
M,  cortestudinarium,  Salenia  granulosa,  Cidaris  clavigcra, 
Echinocorys  scutatus,  Crania  parisiensis,  Lima  Hoperi,  and 
others. 

At  Messrs.  Booth's  quarry,  a  quarter  of  a  mile  north-east  of 
Cuxton  Station,  the  upper  part  of  the  section  at  Bores  Hole 
quarry  is  repeated.  We  think  iho  quarry  floor  is  just  above 
the  horizon  of  the  base  of  the  zone  of  HoUister  planus.  The  fol- 
lowing measurement  of  the  whole  face  of  the  quarry  was  takei^ 
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in  1896.   The  quarry  was  visited  again  in  1898,  when  the  face  was 
seen  to  have  been  cut  bacls>  considerably  :— 


SI 


^  8 


3 


Ft  in, 

rSoftish  white  chalk 6     0 

Line  of  tabular  flint 02 

White  softish  chalk  with  scattered  flints    -       -      7     0 
A  well-marked  bed  of  creamy  yellow  coloured 
(     lumps  in  softer  matrix,  the  lumps  iron-stained 

exteriorly 10 

White  chalk  of  irregular  texture,  hard  and  lumpy 
in  some  places,  softer  in  others,  with  layers  of 
flints  and  a  few  scattered  -       -       -       -       -     10    0 
^A  course   of   hard  lumpy   yellowish  chalk  like 

that  above 10 

Rather  rough  lumpy  chalk  with  flints  scattered 

and  in  lines,  no  very  well  marked  harder  course  21  0 
A  weU-marked  layer  of  flints  -  -  •  -  0  9 
Two  massive  courses  of  chalk  divided  by  a  thin 
marl  seam,  a  discontinuous  layer  of  flint  near 
the  base,  Bchinocorys  scutatta  -  -  -  7  6 
A  well-marked  layer  of  flints  -  -  -  -  0  9 
White  lumpy  chalk  with  scattered  flints,  more 

numerous  near  the  base 3    0 

Softish  white  chalk  with  scattered  flints    -       -      4    0 

About    62    0 


The  upper  beds  are  doubtless  referable  to  what  has  been  called 
the  zone  of  Micraster  cortestudinarium,  but  it  is  difficult  to  say 
how  much  should  be  assigned  to  it.  Mr.  Rhodes  was  sent  to 
collect  here,  but  could  only  obtain  fossils  from  the  beds  between  16 
and  26  feet  above  the  floor  of  the  pit.  These  were  Micraster 
Leskei^  M.  prcecursor,  Holaster  planus,  and  Ptychodus  latissimus. 

The  next  quarry  along  the  left  bank  of  the  Medway  is  Me.ssrs. 
Martin  and  EarPs,  about  a  third  of  a  mile  north-eastward  of  the 
last ;  most  of  the  chalk  here  exposed  belongs  to  the  zone  of  if. 
cortestudinarium.  The  description  given  below  was  taken  in  the 
spring  of  1897.  A  few  fossils  were  subsequently  found  here  by 
Mr.  Rhodes,  and  have  been  inserted  :— 


Ft   in. 


2k)neof 

Micraster 

corangui- 

num. 


si 


'White  soft  chalk  with  flints  in  beds  or  layers  - 
A  course  of  slightly  harder  chalk  marked  by  iron 

(     stains 

White  soft  chalk  with  layers  of  flints,  Terebratula 
carnea  and  Bchinocorys  scutatus    -        -        - 

A  bed  of  very  hard  creamy  yellow  coloured  crys- 
talline chalk,  not  nodular,  but  with  green- 
coated  nodules  at  the  top,  which  was  sharply 
marked  from  the  chalk  above  -  -  -  - 
White  softish  chalk  with  layers  of  flints  - 
A  discontinuous  bed  of  hard  whitish  but  much 
iron-stained  chalk,  Micraster  prcBcursar 
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Exoeodingly  rough   lumpy  chalk,   lumps  well      Ft,  in. 
defined,  enclosed  in  soft  mealy  matrix;  few 
scattered    flints,    M.    prcecursor,    Spondylus 
spinosus    ---  ----80 

White  chalk  of  rather  irregular  texture,  lumpy, 
with  layers  of  flints  -       -       -       -      .  - 

Layer  of  tabular  flint 

Firm  white  chalk  with  layers  of  flints,  scarcely 
lumpy,  Holaster  placenta,  Micraster  proBcursor 

A  discontinuous  bed  of  hardish  lumpy  chalk, 
much  iron  stained,  Echinocoryt  sciitatus  - 

.  Layer  of  tabi:dar  flint 

NFirm  white  chalk  with  layers  of  flints  -       -       • 

77     6 

Another  good  section  of  the  M.  corteatudinarium  zone  is  to  Ikj 

found   in  John  Dunstall's  quarry,  near  the   railway   at   Chalk 

ECU,  CJhatham.    This  was  visited  in  1899  :- 

Ft  in. 

Soil  and  chalk  rubble -       -       -60 

Soft    white     chalk,    Micraater    cortestvdinarium    and 

Echinocarys  scutatus 40 

Hard  rather  lumpy  yellowish  crystalline  chalk,  rubbly 

at  top,  inclined  to  be  nodular,  hardly  a  soUd  bed       -  1     3 

Soft   white   chalk -       -       -  2     6 

A  layer  of  lumpy  chalk,  hard  lumps,  slightly  iron  stained, 

in  soft  mealy  matrix about  1     0 

White  chalk,  rather  firmer,  but  with  layers  of  soft  chalk ; 

layers  of  black  flints  about  3  feet  apart  -       -       -       -  30    0 

A  well-marked  layer  of  flint  nodules 0    6 

Softish  white  chalk,  Echinocarys  scutatus  -        -        -        -  3     6 
A  marked  layer  of  tabular  flint,  which  dies  away  rapidly  to 

the  east  and  west 03 

White  rather  firm  chalk  with  a  few  flints  more  or  less  in 

layers,  Echinocarys  scutatus  and  Micraster  prcecursor    -  5     6 

White  chalk  with  many  scattered  flints  (a  flint  bed)  -       -  1     0 

White  rather  firm  chalk,  Micrasters         -        -        -       -  3     6 

Bed  of  flints  as  before -       -10 

Chalk  --------            seen  for  3    0 


About    63     0 

The  Micrasters  obtained  here  all  belong  to  what  Dr.  Bowe 
calls  the  prcecuraar  group.  Their  ambulacra  are  distinctly 
divided  and  tubercular;  they  are  certainly  not  true  M.  coran- 
guinum,  and  one  obtained  by  Mr.  Bhodes  is  a  typical  M,  cartes- 
tudinarium,  Mr.  Gamble  has  also  obtained  Holaster  'placenta 
from  the  base  of  this  quarry,  and  many  other  fossils  partly  from 
this  quarry  and  partly  from  that  next  mentioned.*  (For  a  list 
of  these,  see  p.  168.) 


•Mr.  Gamble  informs  me  that  the  view  <rf  this  quarry  given  by  Mr.  Vine 
in  his  report  on  (Cetaceous  Polyzoa  (Brit.  Assoc.  Rep.,  Sect.  C,  1892,  p.  6) 
is  incorrect,  as  it  includes  details  taken  from  this  and  the  pits  on  Chatham 
Hill. 
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On  the  southern  edde  of  Chatham  Hill,  near  the  hamlet  of  Luton, 
are  three  quarries,  all  of  which  give  good  sections  of  what  we  regard 
as  the  jimction  of  the  M,  cortcstudinarium  and  the  M.  coran- 
guinum  zones.  The  following  are  particulars  of  the  beds  seen  in 
the  middle  quarry  (disused  in  1899),  from  which  Mr.  Gamble 
has  obtained  many  fossils :— 


o 
SI 


i 


s? 


:^ 


O 


Soft  white  chalk  with  flints,  here  inaccessible     - 
Soft  blocky  chalk  with  a  few  scattered  flints  - 

Layer  of  large  flints 

Firmer  white  chalk  with  a  few  scattered  flints     - 
Rough  lumpy  chalk,  consisting  of  hard  lumps  in 

a  softer  matrix 

C.  Very  hard  compact  yellowish  limestone,  rough 
at  top  and  perforated  with  tubular  hollows, 

no  marked  base- 

Nodular  chalk,  hard  lumps  in  a  softer  matrix, 

a  layer  of  flints  about  2  feet  down 
Rather  soft  white  chalk  with  some  flints  - 
Layer  of  large  flints,  greyish-black  inside 
Sort  white  chalk  with  layers  of  small  flints     - 
Rough  white  lumpy  chalk    -       -       -       - 
B.  Bed  of  yellowish  nodular  chalk  with  softer 
chalk  between  the  nodules-       -       - 
Soft  white  chalk  with  two  .marked  layers  of 
flints  .-..---'. 
A.  Bed  of  hard  yellowish  nodules  in  a  softer 

matrix 

Rough  lumpy  chalk 

Bed  of  nodules  (paler  yellow)  in  soft  matrix  - 
Softer  white  chsdk  with  layers  of  flints  - 


Ft.  in. 

35  0 

6  0 

0  6 
6  0 

1  1 


1     3 


3 
3 
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1     0 


8     6 
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0 
3 

0 


18     0 


About     93     0 

We  are  inclined  to  take  the  highest  limestone  bed  as  thie  top 
of  the  M,  cortestudina/riwm,  zone,  because  it  seems  to  foe  the 
highest  hard  bed  in  the  district,  and  because  the  chalk  below 
has  many  nodular  beds,  which  contain  Micrasters  of  the  proicursor 
group,  and  of  the  type  characteristic  of  the  M,  cortestudinarium 
zone,  one  identifiable  as  M,  cortestudinarium  being  obtained  just 
below  the  limestone.  The  bed  of  yellow  nodular  chalk  marked 
A  is  similar  to  that  near  the  top  of  Dimstall's  pit,  so  that 
these  two  quan-ies  may  give  a  continuous  succession.  We  can- 
not, however,  be  sure  that  the  bed  C  is  the  same  as  that  taken 
at  the  top  of  the  zone  in  Martin  and  EarF's  quarry.  We  are 
inclined  to  put  the  thickness  of  the  zone  of  M,  cortestudinarium 
as  from  75  to  80  feet. 

Another  quarry,  about  300  yards  to  the  west  of  the  above 
section,  shows  the  yellowish  limestone  about  10  feet  above  the 
floor,  and  above  this  about  60  feet  of  the  Af .  coranguinv/m  zone. 

The  three  conspicuous  layers  of  yellow  nodular  chalk  are  visible 
in  the  road-cutting  up  Chatham  Hill. 
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Professor  Hughes  has  recorded  a  section  in  the  cliff  on  the  north- 
east bank  of  the  Uedway  in  Limehouse  Keach,  which  evidently 
includes  one  of  these  hard  beds*  ;  not  having  seen  this  exposure 
we  cannot  say  which  of  the  three,  but  should  suppose  it  to  be 
the  highest.  The  following  is  the  figure  and  description  given 
by  Professor  Hughes  :— 


Fio.  47.— Section  in  Limehoase  Reach,  Rocheeter. 


A.  Surface   soil  -              3  0 

B-  Discoloured  chalk  rubble      '-----46 

C.  Thin  bedded  chalk  with  a  few  flints      -       -        -       -  a  6 

D.  Uore  compact  thin-bedded  chalk,  the  middle  thickljr 

but  irregularly  eet  with  flints        -                        -  3  0 

E.  Hard  chalk,  weathering  into  knoba  Mid  ctxilaiaing 

many  fosails,  sharply  divided  from  the  bed  below  -  1  3 

F.  Chalk  like  that  above,  but  paasing  down  into  more 

thickly  bedded  and  jcnnted  chalk  with  few  flints  -  2  0 

The  beds  are  displaced  by  two  small  faults  (  x  x .)  with  a  throw 
of  about  a  foot.  The  hard  bed  may  also  correspond  with  that 
seen  in  Martin  and  Earl's  pit  in  Wickham  Beach. 

Zonra  of  Hicraster  oorangnintim  and  T  Harsapites. 

The  fine  quairiee  on  Chatham  Hill  show  from  50  to  60  feet  of 
chalk  above  the  layer  of  compact  yellow  limestone  ;  this  chalk  is 
soft  and  contains  many  layers  of  flints,  including  one  conspicuous 
layer  of  large  flints.  The  Micrasters  which  occur  are  like  those 
which  occur  in  the  lower  part  of  this  zone  on  the  cosst. 

A  quarry  at  GadBhill,  half  a  mile  east  of  Gillingham  church, 
is  about  70  feet  deep  in  soft  chalk  with  many  layers  of  flints,  evi- 
dently belonging  to  the  same  zone. 

The  large  quarry  east  of  Stroud,  and  known  as  Frindsbury  Lime- 
worka  ia  probably  100  feet  deep,  and  is  cut  entirely  in  the  M. 
corangainvm  zone,  showing  soft,  featureless  white  chalk  with 
many  layers  of  fiinte.    From  the  lower  14  feet  of  this  Mr.  Bhodes 

*  In  V(l  iv.  of  the  MemoirB  of  the  Qeol.  Survey,  p.  28  (1872). 
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obtained  some  fossils,  identified  by  Messrs.  Newton  and  Kitchin  as 
follows,  and  three  marked  G  were  obtained  by  Mr.  Gamble  :— 


Ptychodus  rugoeus,  Eg. 
Inoceramus  (fragment). 
(G)     „  Brongniarti,  Sow. 

Terebratula  semlglobosa,  Sotv. 

„         sp.  (?  new). 
Rhynchonella  limbata,  Schloth. 
Onchotrochus  serpentinus,  Dune, 


Bourgueticrinus  ellipticus,  Miller 
Cidaris  hirudo  ?  Sorig, 

„  clavigera,  Konig 

(G)      „  sceptrifera,  Mant, 

Echinocorys  scutatus,  Leske 
Micraster  coranguiniim,  Leske. 
(G)      „  pnecursor,  Rowe 


Mr.  G.  E.  Dibley  records  a  specimen  of  ActinooaTnax  granu- 
latus  with  GalerUes  albogalerua  and  other  fossils  from  this  quarry. 

North-east  of  this  and  close  to  the  cement  works  at  Whitewall 
Creek,  there  is  the  weathered  face  of  an  old  quarry  which  seems  to 
show  the  highest  beds  of  the  M.  coranguinum  zone.  The  chalk  is 
soft  and  white,  with  many  layers  of  flints,  and  some  scattered 
nodules  ;  fossils  occur  in  some  abundance,  and  Mr.  Hill  in  a  short 
time  collected  Micraster  ooranguirvam  (high-zonal  type),  Oalerites 
albogalenu,  Oal.  glcbvlvs  ?  and  many  spines  of  Cidaris  sceptrifera. 
In  the  rubble  at  the  top  of  the  cliflf  face  he  found  some  lumps  of 
yellow  chalk  like  those  in  the  quarry  mentioned  below.  Mr.  Rhodes, 
subsequently  collecting  here,  added  the  following  species :  Echi- 
rwcorys  scutatus,  Inoceramus,  Terebratvla  semiglobosa,  and  Serpula 
granvlata. 

In  a  quarry  about  a  mile  N. W.  of  Frindsbiuy  Mr.  Hill  saw  a 
bed  containing  lumps  of  indurated  chalk  with  a  yellowish 
coating  which  impressed  him  as  resembling  the  bed  occurring  at 
the  base  of  the  Marsupites  zone  near  Margate,  a  section  which  he 
had  just  previously  examined.  Such  yellow-coated  lumps  are  not 
known  at  any  other  horizon  in  the  Upper  Chalk  of  Kent,  but 
there  is  no  reason  why  they  should  not  occur  at  other  horizons^ 
and  it  would  not  be  safe  to  assume  that  the  actual  junction  of 
the  two  zones  is  exposed  in  this  quarry  merely  from  the  occur- 
rence of  a  similar  nodule-bed. 

The  quarry  is  at  the  point  where  Stone  House  Lane  enters  the 
main  road,and  the  succession  seen  in  it  by  Mr.  Hill  was  as  follows  :— 

Feet. 

Soil  and  broken  chalk 4 

Bather  firm  chalk  of  a  yellowish  tint  with  here  and  there  a 
large  fiint,  and  at  the  base  many  lumps  or  large  nodules  of 
hard  chalk  with  a  yellowish  crust       -       -        "     .  "       '        M 
Firm  white   clialk    with    Galerites    globulua,    Echinocorys 

scutatus,  etc.         "'". ^ 

Softer  white  chalk  with  scattered  flints   -----        4 
Soft  white  chalk  with  very  few  flints  (Micraster  coranguinum)     1 1 

A  marked  layer  of  flints J 

Pbalk  with  layers  of  flints       -       -       .       -         seen  fcnr  6  to  8 

.    .  About    34 
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The  upper  part  of  this  zone  is  probably  exposed  in  the  railway 
cutting  at  H^ham,  of  which  a  sketch  has  been  given  by  Mr. 
Whitaker^t  and  is  reproduced  in  Fig.  48. 


Fig.  48.— Section  in  the  cutting  at  Higham  Station. 

1.  Spoil  heap  from  the  railway  tunnel. 

2,  3,  4.  Drift  deposits  and  reconstructed  Eocene. 

5.  Layer  of  flints  forming  base  of  the  Thanet  Sand. 

6.  Disintegrated  and  rubU^  chalk. 

7.  Chalk  with  a  few  large  flints  scattered  through  it. 

The  beds  dip  to  the  north-west  at  angles  increasing  from  2"*  to  6^. 

North-east  of  Higham  there  is  an  inlying  area  of  chalk  which 
extends  to  the  village  of  Cliffe,  and  in  this  one  would  expect  to 
find  traces  of  the  zone  of  Marsupites.  The  quarries  at  Cliffe  have 
been  recently  visited  by  Mr.  G.  E.  Dibley,  who  describes  the  chalk 
seen  as  soft  and  friable,  with  some  layers  of  flints,  and  exposed 
for  about  70  feet.  He  did  not  find  either  Uvidacrinus  or  MarsupUes, 
but  says  "the  carinated  form  of  Micraster  coranguinum,  also 
Echinocofftus  amicus,  CypJvosoma  Kwwigi,  Actvnocajnax  verus,  and 
A.  Merceyi  (^granutattis)  are  common,  and  A.  westfalicus  has  been 
obtained."  * 

Chalk  which  probably  belongs  to  the  same  horizon  has 
been  worked  for  many  years  by  Gravesend,  Northfleet  and  Green- 
hithe,  from  30  to  40  feet  being  quarried  beneath  the  Thanet  Sand. 
Here  also  there  are  occasional  layers  of  flints  and  a  continuous  seam 
of  flint.  Mr.  G.  E.  Dibley  has  published  a  note  on  the  chalk  in  Messrs. 
Fletcher  and  Co.'s  quarry ,|  and  states  that  both  Actinocamuix 
verus  and  A.  granvlatus  are  foimd  there,  but  that  no  plates  of 
Marsupites  have  yet  been  discovered.  The  fossils  mentioned  by 
Mr.  Dibley  are  included  in  the  list  on  p.  168. 


♦  See  Proc.  Qeol.  Assoc.  Vol.  xvL,  p.  488. 

t  Geology  of  London,  Vd.  i.,  p.  121,  Mem.  Geol.  Survey  (1889). 

X  Proc  Geol.  Assoc.,  Vd.  xv.  p.  463  (1898),  and  Vol.  xvi.  p.  489. 
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It  is  probably  the  same  chalk  on  which  the  Eoceiie  rests  at 
Erith  and  Crajrford,  a  layer  of  continuous  flint  occurring  at  both 
places  about  12  or  15  feet  from  the  top  of  the  chalk,  see  Whitaker 
(Op.  oit.,  p.  113). 

We  have  no  information  respecting  the  exposures  of  Upper 
Chalk  between  the  valleys  of  the  Medway  and  the  Darent,  but  the 
zone  of  Micraster  coranguinum  must  occupy  some  breadth  of 
country  to  the  south  of  the  railway  from  Stroud  to  St.  Mary  Cray. 

Mr.  Whitaker*  has  described  the  chalk-pits  at  and  near 
Chiselhxirst.  One  in  the  middle  of  Camden  Park  formerly  showed 
as  much  as  20  feet  of  chalk,  and  was  worked  by  means  of  galleries 
driven  in  beneath  a  bed  of  hard  chalk  which  served  as  a  roof-bed ; 
and  an  old  note  by  Dr.  Mitchell  states  that  the  chalk  was  worked 
down  to  another  hard  bed  which  formed  a  floor  about  20  feet  from 
the  top  of  the  chalk.  In  another  pit  west  of  Chiselhurst  church 
Mr.  T"niitaker  found  the  same  hard  beds,  and  he  notes  also  that  the 
chalk  has  layers  of  very  large  flints,  sometimes  as  much  as  18  inches 
thick,  and  one  of  these  layers  being  close  to  the  top.  All  this  is 
suggestive  of  the  chalk  here  belonging  to  the  zone  of  M.  coran- 
guinum. 

S.E.  Fault. 

Bridge.  N.W. 


I L 


Scale,  80  feet  to  an  inch. 

Fig.   49. — Cutting  near  St.  John*B  Hailway  Station,  near  Lewisham. 

(W.  Whitaker).    (Scale,  80  feet  to  an  inch.) 
a  =  Soil        6,  c  —  River  Drift.        d  —  Thanet  Sand.       e  —  Chalk. 

The  zone  M .  coranguinum  is  also  exposed  in  a  quarry  about  a 
mile  south  of  Keston,  where  Mr.  Dibley  has  obtained  that 
species  and  its  variety  latior,  with  Epiaater  gibbvs,  Galerites 
albogalerus,  Cyphosoma  oorollare,  Cidaria  sceptrifera  and  other 
fossils. 

At  Lewisham  (Loam  Pit  Hill)  the  chalk  was  formerly  worked  to 
a  depth  of  40  feet,  and  Mr.  Whitaker  remarks  that  there  were  eight 
layers  of  flints,  the  third  from  the  top  being  a  continuous  seam 
(Op.  cit.,  p.  154).  The  cutting  on  the  North  Kent  line  just  north 
of  St.  John's  Station  passes  through  a  faulted  junction  of  the 
Chalk  with  the  Thanet  Beds  (see  Fig.  49),  and  Mr.  Whitaker  (op. 
ci^.,  p.  114)  notes  that  the  chidk  has  flints  in  layers,  three  of  which 
are  well  marked. 

♦  Geology  of  London,  Mem.  Qeol.  Survey,  1889,  p.  116. 
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List  or  Fossn^s  fbou  the  Upfbb  Chalk  of  Wbbt  Eknt. 

This  lUt  has  been  drawn  up  from  the  following  sources  :— 

First,  the  collections  of  the  Geological  Survey  at  Jermyn 
Street,  and  small  collections  made  by  iir.  Bhodes  for  the  Survey 
at  Strood  and  Frindsbury.    These  are  indicated  by  figures. 

Second,  the  lists  of  fo^Is  from  Lewisham  and  Charlton  given 
by  Mr,  H.  J.  Johnston-Lavia  in  his  paper  on  the  "  Geology  of 
Tiewisham,"  Proc.  Geol.  Assoc.,  Vol.  iv.  p.  528  (1876).  These  are 
indicated  by  the  letter  L. 

Third,  the  lista  published  by  Mr.  G.  E.  Dibley,  of  Syden- 
ham, includinf;  species  collected  by  him  from  many  localities 
in  the  west  of  Kent  (see  Proc.  GeoL  Assoc.  YoL  xvi.  p.  484) 
These  species,  where  their  occurrence  was  not  previously  known 
to  the  Survey,  are  indicated  by  the  letter  D. 

A  few  species  added  from  records  in  the  volumes  of  the  Palseonto- 
graphical  Society  are  indicated  by  the  letter  P. 

Bryozoa,  Ostracoda,  and  Foraminifera  are  not  included  in  this 
lilt,  but  those  which  have  been  recorded  from  the  Upper  Chalk  of 
Kent  will  be  found  in  the  general  list  at  the  end  of  the  volume. 

The  list  from  the  M.  corteatudinarium  zone  at  Chatham  is  that  of 
a  collection  made  by  Mr.  Gamble,  of  New  Broippton,  and  purchased 
from  him  by  the  Geological  Survey,  A  tew  of  the  fossils  in  this 
series  may  possibly  have  come  from  the  base  of  the  M.  corangainum 
zone,  but  only  a  little  of  that  zone  isaccessibleinoneof  the  twopi,ts 
from  which  he  obtained  them  (see  p.  162). 
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CHAPTER  Xin. 

THE  UPPER  CHALK  IN  SURREY. 

General  Remarks.  ^   * 

No  sjrstematio  exploration  of  the  Upper  Chalk  of  Surrey  has  yet 
been  inade,  notwithstanding  its  proximity  to  the  Metropolis  and 
the  frequency  of  exposures  in  quarries  and  railway  cuttings. 

Mr.  Caleb  Evans  made  an  excellent  reconnaissance  in  1870 
along  the  line  of  railway  then  being  made  between  Croydon  and 
Oxted,  dividing  the  Chalk  into  zones  and  giving  a  Ust  of  the  fossils 
ho  had  found  in  each.*  He  discussed  the  species  of  MicraMer 
and  revised  his  divisions  in  a  later  paper .f 

More  recently  Mr.  O.  E.  Dibley  has  published  some  notes  on 

Sjuarries  along  the  same   line  of  country,  with  lists  of   the 
ossils  foimd.^ 

A  large  portion  of  the  Upper  Chalk  seems  to  have  been  eroded 
and  destroyed  throughout  Surrey  before  the  deposition  of  the 
lowest  Eocenes.  If  it  were  not  so,  the  thickness  of  chalk  below 
the  Smrey  Eocenes  would  be  much  greater  than  it  is ;  thus  if  we 
refer  to  the  record  of  the  deep  boring  at  Streatham§  we  find  that, 
including  the  beds  which  are  regarded  as  forming  a  passage  from 
the  Middle  to  the  Upper  Chalk,  there  are  only  221 J  feet  assignable 
to  the  Upper  Chalk  (i.e.,  zones  of  Hoi,  planus,  M.  cortestudinariurn, 
and  M,  coranguinum).  As  the  corresponding  beds  near  Dover 
are  about  360  feet  thick,  and  about  300  feet  at  Gravesend, 
it  is  not  likely  that  any  of  the  Margate  chalk  is  present ;  moreover 
it  is  stated  that  below  the  highest  19  feet  the  chalk  under  Streatham 
has  beds  of  flints  "  every  2  or  3  feet,"  such  a  frequency  of  flint 
layers  agreeing  with  the  character  of  the  M.  caranguinum  zone 
rather  than  that  of  Marsupites. 

Further  to  the  north-west,  however,  the  thickness  of  Upi)er 
Chalk  below  the  Eocenes  is  greater,  300  feet  at  Richmond,  and  337 
feet  at  Winkfield,  near  Windsor,  so  that  it  is  possible  that  the  zone 
of  Marsupites  does  come  in  below  these  places.    It  may  also  begin 

•  "  Sections  of  Chalk  between  Croydon  and   Oxtead."    Geol.  Assoc. 
(Published  in  Lewes.  1870). 
t  Proc.  Geol.  Assoc.,  Vol.  v.  No.  4,  p.  149  (1877). 
X  Proc.  (3eol.  Assoc.,  Vol.  xvi.  p.  484. 
§  Geology  of  London,  Vol.  ii.  p.  224,  Mem.  Ged.  Survey  (1889). 
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to  emerge  from  beneath  the  Eocene  boundary  in  the  south-east  of 
Surrey. 

Stratigraphical  Details. 
Zone  of  Holaster  planus. 

Several  of  the  largest  quarries  in  the  Chalk  of  Surrey  expose 
sections  which  extend  from  the  TereHmUvlina  zone  through 
that  of  Holaster  planus.  The  first  of  these,  as  we  proceed  from 
east  to  west,  is  the  well-known  quarry  near  the  Eose  and  Crown 
Inn,  four  miles  south  of  Croydon ;  the  section  taken  here  by 
Mr.  Hill  in  1896  was  as  follows : — 
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^Firm  chalk  with  layers  of  flints  (part  of   this 

inacceaaiUe)      -       -       -       -       - 

A  marked  layer  of  flint 

Firm   white  chalk      -       -  -       .       - 

A  marked  layer  of  large  flints   - 

Firm  white  chalk,  a  little  irregular  in  texture, 

hard  lumps  in  places.    Holaster  planus  -    - 

A  thin  seam  of  marl - 

Bather    rough  hard  lumpy  chalk,  crystalline 

lumps  in  a  softer  matrix,  often  showmg  .  the 

structure  of  sponges  in  iron  stains  -       -       - 

A  marked  layer  of  flints 

Firm  white  chalk  of  even  texture  throughout    - 
A  marked  layer  of  flints    -       -  -       - 

Rough  lumpy  chalk,  the  lumps  in  a  soft  mealy 

matrix.  Holaster  planus 
Irregular  lumpy  chalk  with  rather  large  scattered 

flints,  nclined  to  arrange  themselves  in  layers ; 

in  one  place  a  thin  seam  of  tabular  flint  - 
/IVhite  lumpy  chalk  with  scattered  flints   - 
A  marked  course  of  hard  creamy  nodules  in  softer 

matrix,  nodules  often  iron  stained,  showing 

structure  of  sponges       "     . "    .  ' 
Thin  seam  of  marl,  below  which  is  a  layer  of 

smallish  flints 

White  chalk,   somewhat  lumpy,    but    not  so 

markedly  as  that  above ;  layer  of  small  flints 

at  top,  and  a  few  scattered  throughout  - 
Smooth  white  soft  chalk,  Svondylus  spinosus    - 
A  course  of  hard  nodular  cnalk  with  iron  stains 

showing  the  structure  of  sponges   -       -       - 

Firm  white  smooth  chalk 

Seam  of  marl     -       -       -       -        ^       -       - 
White  smooth  chalk  seamed  or   veined  with 

greenish  grey  in  the  middle  part,  above  which 

is  an  irregular  layer  of  flints  -       -       -       - 
A  marked  layer  of  hard  nodular  or  lumpy  chalk, 

nodules  as  usual  showing  structure  of  sponges 

in  iron  stains 
White   chalk  in  massive  courses,   divided  by 

thin  marl  seams        .       .       •  +50    0 
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The  cutting  between  the  Merstham  tunnel  and  Coulsdon 
station  on  the  London,  Brighton  &  South  Coast  Railway  appears 
to  traverse  the  zone  of  lloL  planus,  for  Mr.  W.  M  I^Ws 
records  H,  planus,  Micraster  Leskei  a,nd,Terebrattda  camea  from 
the  heaps  of  chalk  thrown  out  of  this  cutting.  With  them  were 
many  hollow  flints  containing  a  mealy  substance  from  which  he 
obtamed  a  large  number  of  BadUoktria  in  better  preservation 
than  any  previously  recorded  from  the  Chalk  of  this  country. 
He  has  aescribed  and  figured  41  species  belonging  to  20  genera.* 

One  of  the  most  interesting  sections  of  the  chalk  at  this  horizon 

qccurs  in  the  cuttings  of  the  railway  from  Croydon  to  Epsom,  just 

north  and  south  of  Chipstead  Station.    The  continuity  of  the 

section  is  broken  by  a  roadway  and  by  excavations  at  the  station, 

but  probably  only  a  small  thickness  of  chalk  is   thus  missed. 

The  cutting  just  north  of  the   station   gates,  as  seen  by  Mr. 

EUll  in  the  autimm  of  1899,  gave  the  following  section : — 

Ft  in. 

Soil  and  nibble --30 

'  Broken  chalk  {Echinoccrys  scutatus)         -       -      3     0 
Firm  rough  chalk  veined  with  grey  -       -       -      4    0 
Rough  lumpy  chalk  rather  uneven  in  texture, 
hard  lumps  in  a  softer  matrix  stained  brown 
in   places,  some  flints,   Echinocorys  9ewtatus^ 
Micraster  cortestvdinarium     -       •       •        -      2     0 
Softer  firm  white  chalk  with  flints    -       -       -      2    6 
Hard  rough  lumpy  chalk,  the  upper  surface 
fairly  well  marked,  upper  part  creamy  white 
with  rusty  stains,  but  passing  down  into  softer 
and  whiter  chalk,  Micraster  --•-26 
Softer  chalk,  white,  but  texture  uneven ;  harder 
in  some  places  than  in  others ;  flints  -       -       -      6    0 
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23     0 

An  excavation  in  the  station  at  a  lower  horizon  than  the  above 
showed  softish  white  chalk  with  flints,  containing  Micraster 
prcBCursor  and  M.  cortestudmarium. 

At  the  top  of  the  cutting,  just  south  of  Chipstead  Station,  was 
white  softish  chalk,  probably  the  continuation  of  that  seen  in  the 
station.  The  dip  of  the  beds  in  this  cutting  is  very  slight,  and  it  is 
necessary  to  widk  half  a  mile  along  the  line  south  of  the  station 
to  obtain  the  following  sequence : — 
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^Soil  and  rubble    ".""."• 
Soft  white  chalk  with  flints,  Echinocprys  scutatust 

Micraster  sp.,  TerebrattUa  semigl&bosa 

Chalk  consisting  of  hard  lumps  in  a  softer  matrix 

Hard  rough  lumpy  chalk,  neither  top  nor  bottom 

well  defined,  but  passing  into  the  chalk  above 

and   below      - 14 

A  rather  massive  bed  of  rough  lumpy  chalk. 

Micraster  sp. 20 

■III,  . »  .     >  I     I    I  II         I    ■ 

♦  On  Radiolaria  from  the  Upper  Chalk  at  Coulsdon,  Quart.  Joum. 
Qeol.  Soc.,  Vol.  Ivi.  p.  694,  Plates  xxxviL  and  xxxviiL  (1900). 
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/A  well  defined  bed  of  hard  rough  nodular  rock.    Ft.  in. 

the  nodules  at  the  top  sometimes  green  coated ; 

many  fossils  (see  below)  -       -        -       -  2     0 

Hard  chalk,  smoother  than  the  above,  veined 

with  greenish  grey ;  some  fossils     -  -      5     6 

Smooth  white  soft  chalk  in  two  courses,  Micraster 

prcBCursor,  UoLaster  planus,  Cyphosoma  radia- 

twfa  and  Cardvaster  sp.     -         ------      30 

Massive  white  chalk  with  a  few  large  black  flints 

seen  for      3    0 


\ 


32  10 


In  the  soft  white  chalk  at  the  base  of  this  section  were  three  well 
marked  layers  of  tabular  flint,  and  in  one  place  a  fourth  layer  was 
visible.  Tliese  layers  were  about  a  foot  to  15  inches  apart,  but  to 
the  northward  approached  gradually  to  each  other.  At  the  same 
time  the  bed  of  hard  veiny  chalk  immediately  above  the  soft  white 
decreased  rapidly  in  thickness  from  5J  feet  to  3J  feet. 

This  veiny  chalk  and  the  rough  nodular  rock  above  yielded 
the  following  species.  Micraster  proBCursor,  M.  cortestudiruirium, 
Echinocorys  gibbtis,  Inoceramus  Cuvieri,  Spondylus  spinosus, 
Terebratvia  semiglobosa,  and  Rhynchondla  sp. 

The  facies  of  the  assemblage  of  Micrasters  from  the  upper 
beds  of  this  section  is  that  of  the  highest  part  of  the  zone  of  H. 
planus  at  Dover,  while  the  occmrence  of  this  species  associated 
with  Micrasters  in  the  soft  white  chalk  below  supports  this  view. 
But  the  sudden  change  from  hard  rocky  chalk  to  the  soft  white 
chalk  at  the  base  of  the  cutting  is  very  striking,  and  strongly 
reminds  one  of  the  ordinary  succession  at  the  horizon  of  the  Chalk 
Rock  in  Hertfordshire  or  Cambridgeshire.  Micrasters  are  more 
abundant  in  this  cutting  than  in  any  other  locality  along  the 
North  Downs. 

The  following  notes  are  also  by  Mr.  Hill : — 

The  Echo  quarry,  about  a  mile  to  the  south-east  of  Guildford, 
presents  another  good  section  at  this  horizon.  It  is  an  old  quarry, 
long  since  disused,  but  there  yet  remains  a  perpendicular  face  at 
least  100  feet  high,  which,  though  inaccessible,  gives  a  view  of  the 
succession  of  chalk  through  the  zone  of  Holdster  planus  to  the 
Upper  Chalk.  From  the  view  obtained  here  it  would  seem  that 
the  "  chalk  with  flints  "  comes  in  as  described  vnth  the  zone  of 
Holaster  planus,  and  at  what  we  should  take  as  about  the  summit 
of  this  zone  there  appears  a  space  of  some  30  feet  (estimated,  for 
this  part  is  not  accessible),  in  which  there  are  few  if  any  flints, 
and  above  this  layers  of  flint  are  seen  to  set  in  again  regularly. 

It  is  possible  to  examine  some  50  feet  of  the  face  on  the  western 
^de  of  ttie  quarry,  and  taken  generally,  the  section  there  agrees 
with  that  at  the  Rose  and  Crown  quarry. 
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Another  section  occurs  about  5  miles  West  of  Guildford,  at 
Monkshatch.  This  must  have  been  once  a  large  quarry ;  it  is  now 
converted  into  pleasure  grounds,  surroundmg  the  residence  of 
—  Hitchens,  Eaq^    The  section  taken  in  1896  was  as  follows  : — 
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/Soil  and  rubble    -       -       -       -       -       -       - 

\Vliite  chalk  of  irregular  texture,  hard  lumps  in 

softer  matrix,  arranged  in  discontinuous  beds 

with  layers  of  softer  chalk  between,  flints  in 

layers  and  also  scattered.    H.  planus  (quite  at 

the  top),  Micraster  Leskei^  M,  prcecursot'    -    - 
Firm   white   chalk      ------ 

Irregular  bed  of  flints  -    .   -       - 

Msissive  bed  of  firm  white  chalk  in  two  courses  - 

Layer  of  flints     -       -       -       -       - 

Massively  bedded  firm  white  chalk  in  two  courses 

separated  by  a  thin  marl  seam.     Hoi.  Planus 

Layer  of  flints     - 

Course  of  firm  white  cbalk 

Layer  of  flints      -       -       -       -       - 

White  chalk  of  irregular  texture,  with  scattered 

flints,  most  numerous  in  the  lower  part  - 
^A  well  marked  layer  of  large  scattered  flints    - 
Firm   white  chalk  -       -       -       -       - 

Ck)urse  of  hard  crystalline  lumps,  iron  stained, 

the  whole  course  very  firm  and  hard    - 

White  soft  chalk 

Another  course  of  very  hard  nodular  or  lumpy 

chalk -- 

The  section  is  broken  here  by  a  talus  heap, 

and  there  is  a  small  fault,  but  the  gap  cannot 

be  great. 

Soft  white  chalk  -       - 

Layer  of  marl     ------- 

Softish  white  chalk,  in  which  there  are  three 

layers  of  flint  and  a  few  scattered  nodules    - 
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The  measurements  in  this  section  are  given  as  taken  without 
regard  to  the  dip  of  the  beds,  which  is  about  15**  N. 

The  lower  part  of  the  zone  of  Holdster  pldnus  is  again  exposed 
at  the  Victory  quarry,  near  Farnham,  but  the  section  does  not 
extend  far  in  the  zone. 


Zone  of  Micraster  cortestudinarium. 


To  this  zone  belong  the  Upper  Kenley  Beds  of  Mr.  C.  Evans. 

The  only  quarry   examined   by  Mr.  Hill    in    Surrey  where 
the  chalk  was  undoubtedlv  referable   to  the  zone  of  Micraster 
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oartestudinarium  is  that  oloee  to  C!ouIsdon  Station.    The  section 
taken  in  1896  was  as  follows : — 

Ft  in. 
Soil,  etc. -       -       -      1    0 

*8     ^  rSoft  white  chalk  with  layers  of  flints  at  intervak 

«j:?J     of4or5feet 21 

JJ  I  SSoft  white  chalk  without  flints    .... 
N^  8  [Layer  of  flints     -       -       .       -  -       . 

'Very  firm,  scarcely  hard  chalk,  veined  with  green 
grey,  with  layers  of  flint  and  many  scattered  - 
Softer  chalk  with  but  few  flints.    Micrasier. 
A  course  of  hard  creamy  nodules  in  soft  mealy 
matrix,  nodules  are  sometimes  iron  stained, 
scattered  flints.    This  course  is  called  ''Bull 
rough  "  by  the  quarrymen.    Micraster  sp.    - 
p  ^  ^     Softer  white  chalk.    Micraster  sp.    - 

jS  8        A  line  of  large  flints 

LSoft  white  chalk         -       -       -       .    geen  for 

80    6 

Although  we  could  not  identify  any  of  the  Micrasters  as  M. 
eortestudinarium,  they  belong  to  the  prcecursor  group,  and  have 
the  characters  of  those  found  in  that  zone  near  Dover. 

There  is  also  a  quarry  at  I^urley  Junction  which  appears  to  be 
opened  at  about  the  same  horizon  and  to  show  parts  ot  the  zones 
of  JU.  cortestvdinarium  and  M,  coranguinwm,  Mr.  Hill  found 
M.  prcecv/r8or  and  Mr.  Dibley  obtained  M,  cortestvdinarium, 
Hcloffter  placenta  and  S^j^ondylua  spinosua  from  the  lower  beds, 
while  the  higher  part  is  believea  to  belong  to  the  zone  of 
M.  coranguinum,  but  without  definite  evidence. 

The  exposure  of  this  zone  in  the  railway  cutting  north  of 
Chipst€»<i  Station  has  been  described  above,  and  in  the  next 
cutting,  a  quarter  of  a  mile  north  of  the  station,  there  is  a  course 
about  6  inches  thick  of  hard  yellowish  compact  chalk,  which 
yielded  M,  prcecuraor  of  a  low  zonal  type ;  this  bed  may  mark 
the  top  of  Uie  zone  of  M.  ccyrteatvdinarium. 

Zone  of  Micraster  corangumuin. 

It  is  impossible  to  determine  from  Mr.  C.  Evans'  descriptions 
how  much  of  the  chalk  described  by  him  should  be  referred  to  the 
zone  of  M.  caranguinum.  In  his  later  paper  (1877)  he  refers  the 
whole  of  what  he  had  previously  called  the  Purley  Beds  and  the 
Upper  Kenley  Beds  to  the  zone  of  M.  cartestudinarium,  but  as  these 
two  groups  would  have  from  his  account  a  thickness  of  170  feet, 
and  as  he  allows  80  feet  for  the  underlying  zone  of  Holaster  planiLS, 
it  is  evident  that  if  his  estimates  are  accepted  much  of  the  170 
feet  must  belong  to  the  zone  of  M.  coranguinum.  The  probability 
is  that  the  greater  part  of  the  Purley  Beds  are  referable  to  this 
zone. 
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In  describing  the  cuttings  near  Pnrley,  Mr.  Evans  mentionB 

that  cutting  No.  4  is  through  the  northern  slope  of  Riddlesdown^ 

and  in  the  appendix  he  gives  the  following  section  at  the  northern 

entrance  of  the  tunnel : — 

Ft.  in. 
Chalk  and  flints  (obscure).^ 
Two  layers  of  flints  with  chalk  between  -        -       -   t  1     0 

Chalk  in  two  beds 38 

Band  of  large  flint  nodules. 

Chalk 2    6 

Flint  nodules  and  chalk 10 

Chalk  with  Micraster  and  occasion&l  flints    -       -       -       1     2 

Irregular  flint  nodules. 

Chalk  in  several  beds,  with  two  layers  of  flints       -       •    7  or  8    0 

In  this  cutting  the  beds  dip  to  the  north,  in  the  next  cutting  (No. 
3)  they  have  a  slight  but  perceptible  dip  to  the  south,  which  can  be 
traced  by  a  band  of  large  flints,  probably  the  same  band  as  that 
noted  in  the  section  above  given.  The  same  beds  seem  to  occur  in 
the  cutting  to  the  north  (No.  2),  where  they  recover  their  northerly 
dip,  for  he  says  : — "  The  most  interesting  deposits  in  this  cutting 
are  two  beds  of  chalk,  separated  by  a  band  of  flint  nodules,  and 
having  a  band  of  large  flint  nodules  above.  These  two  beds  con- 
tain many  specimens  of  Micraster  coranguinum  together  with 
other  fossils,"  and  he  afterwards  speaks  of  this  as  the  '*  Micraster 
band.'* 

In  cutting  No.  1,  by  the  road  from  Purley  to  Sanderstead, 

higher  beds  come  in,  dipping  gently  to  the  north,  and  from  the 

details  given  by  Mr.  Evans  the  following  seems  to  have  been  the 

succession : — 

Ft  in. 

Chalk  and  rubble -about  2    0 

Chdlk  with  two  layers  of  flints „  50 

Layer  of  tabular  flint. 

Chalk  with  two  layers  of  flint „  70 

Band  of  marl 03 

Chalk  with  layer  of  flints  below „  14 

Chalk  and  flints  (sloped  and  smoothed)  -       -    „  7    6 

About     23     0 

In  his  later  paper  (p.  151)  he  remarks  that  "  the  Purley  sectioni 
are  more  than  100  feet  below  the  junction  of  the  two  formations," 
i.e.,  Chalk  and  Eocene ;  and  to  this  highest  part  of  the  Chalk  he 
gives  the  name  of  the  "  Croydon  Beds."  He  further  observes  that 
Echinoconus  conicus  (Galeritea  albogalerus)  is  very  common  in 
this  highest  chalk,  occurring  in  that  position  at  Lewisham, 
Chiselhurst,  Keston,  and  Croydon. 

A  quarry  opposite  the  Royal  Oak  at  Haling,  in  the  parish  of 
Croydon,*  is  notable  as  being  that  in  which  a  large  boulder  of 

*Mr.  Whitaker  informs  me  that  this  pit  has  been  erroneously  stated  tq 
be  at  Purley.    There  is  another  large  pit  at  Purley  Station. 
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graiiite  was  found  in  1857.  This  boulder  was  described  by  Mr. 
God  win- Austen,*  from  whose  account  it  appears  to  have  been  a 
large,  rounded,  water-worn,  and  "  boldly  egg-shaped  '*  mass 
of  granitic  rock ;  the  width  of  one  end  seems  to  have 
been  about  12  inches,  but  its  length  is  unknown, 
as  it  was  broken  up  before  measurements  were  taken. 
With  this  large  boulder  there  were  also  a  number  of  smaller 
blocks  of  some  kind  of  greenstone,  described  as  consisting  of 
"augite  with  tabular  double  crystals  of  felspar;  the  largest 
of  these,  from  the  portions  which  remain,  must  have  been  of  con- 
siderable size,  weighing  as  much  as  20  or  25  pounds,  but  in  common 
with  all  the  other  specimens  of  the  same  rock  it  was  much  decom- 
posed, ....  the  smaller  pebbles  were  wholly  decomposed 
and  readily  fell  to  pieces,  forming  a  sharp  sand."  There  was  also 
a  compact  mass  of  sand,  examination  of  which  showed  it  to  be  ''  a 
fine  water-worn  beach-sand,  derived  from  the  waste  of  a  coast-line 
of  some  crystalline  rocks.'^ 

Mr.  W.  Hill  visited  this  quarry  in  1897,  and  furnishes  the 
following  notes  of  the  chalk  therein  exposed.  About  80  feet  of  rather 
firm  white  chalk  are  seen  here ;  the  flints  are  not  exactly  in  layers, 
but  in  courses  of  scattered  nodules,  and  many  small  flints  are  scat- 
tered through  the  intervening  chalk.  There  is  a  seam  of  contin- 
uous flint  near  the  top,  two  somewhat  feeble  seams  lower  down, 
and  a  fourth  near  the  bottom,  in  the  south-west  corner  of  the 
quarry.  Characteristic  specimens  of  Micraster  corcmguinum 
were  found  in  the  face  of  chalk  associated  with  Echinocorya  scu- 
tatu8.    At  the  kilns  at  the  south-west  corner  the  following  beds 

are  seen : — 

Ft.  in. 
Soil  and  rubbish  --------- 

Firm  whitish  chalk     - 

Cream-coloured  chalk  broken  into  irregular  fragments 
Softer  white  blocky  chalk   -       -       -  ... 

Hard  yellowish  compact  chalk  with  well-marked  upper 

surface      - 

Firm  blocky  white  chalk  with  flints  -       -       -       •        - 

6     7 

Mr.  E.  T.  Newton  subsequently  found  in  the  chalk  which 
forms  the  floor  of  this  pit  a  Micraster  prcecuraor  of  a  type 
like  those  in  the  M.  cortestudinarium  zone. 

Mr.  Hill  thinks  the  hard  yellow  chalk  may  mark  the  top  of  the 
M.  cortestudinarium  zone,  as  it  resembles  the  bed  exposed  in  the 
railway  cutting  a  quarter  of  a  mile  north  of  Chipstead  Station. 

Zone  of  Harsnpites. 

In  the  eastern  part  of  Surrey  this  zone  is  either  concealed 
beneath  the  Eocene,  or  more  probably  was  removed  from  the 

*  See  Quart,  Joum,  Geol  See ,  Vol.  xiv.  p.  262  (1868). 
6821  M2 
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■ummit  of  a  low  anticlinal  flexure  formed  and  eroded  before  the 
deposition  of  the  Tertiariee. 

In  the  weetem  part  of  the  county,  however,  it  is  probable  that 
the  zone  of  Marsupites  comes  in  again  from  beneath  the  Eocene 
boundary,  for,  as  we  shall  presently  see,  it  is  imquestionably  present 
in  the  north  of  Hampshire.  Dr.  Barrois  thought  he  recognised 
it  near  Guildford  in  1876,  and  refers  to  it  as  follows*  :— "The 
north  side  of  the  Hogs  Back  ....  consists  of  a  soft  chalk 
with  few  flints,  but  with  some  tabular  flint ;  these  are  the  minera- 
logical  characters  of  the  zone  of  Marsupitea  ;  moreover,  it  contains 
Off  aster  corculum,  Echinoconus  conicus,  and  Micraster  coran- 
guinum  ....  Below  this  zone  the  chalk  contains  much 
more  frequent  layers  of  flint  nodules,  and  this  belongs  to  the  zone 
of  Micraster  corangumum." 

Fossils  from  the  Upper  Chalk  of  Surrey. 

The  following  is  a  list  of  such  fossils  as  have  hitherto  been 
obtained  from  the  Upper  Chalk  of  Surrey.  In  the  first  colmnn 
are  entered  those  recorded  (1)  by  Mr.  C.  Evans  from  his  Lower 
Kenley  Beds,  (2)  those  found  by  Mr.  Hill.  In  the  second  colimm  are 
fossils  from  the  Upper  Eenley  and  Biddlesdown  Beds  of  Mr.  Evans 
(a),  those  foimd  by  Mr.  Hill  and  Mr.  Dibley  (b),  and  those  obtained 
from  a  new  railway  cutting  near  Coulsdon  by  Mr.  W.  M.  Holmes, 
of  Croydon  (c).  The  third  coliunn  includes  (4)  species  recorded 
by  Mr.  Evans  and  Mr.  Holmes  from  the  Puf ley  Beds,  (5)  fossils 
found  by  Mr.  G.  E.  Dibley  at  Haling  and  South  (>oydon,  (6)  a  few 
obtained  by  Mr.  Holmes  from  a  pit  near  Warlingham  Court. 
Our  thanks  are  due  to  Mr.  Dibley  and  Mr.  Holmes  for  putting 
their  lists  at  our  disposal :— 


■ 

Zone  of 
Hoi.  planus. 

Zone  of 

M.  cortes- 

tudin- 

arium. 

Zone  of 

M.  corangui- 

num. 

Vertd^ata, 
Anomoeodus  cretaceus,  Ag. 
Cimolichthys  lewesiensifl,  Leidy, 
Cladocyclus  lewesiensia,   Ag.     - 
Corax   falcatus,  Ag.         -       -       - 
Enchodus  ap. 

1    1    1    1    1 
i    1    1    1    1 

b     - 

b     - 
b     - 

-  5    - 

-  5     - 

-  6     - 
4     5- 

-  5     - 

Lamna  appendiculata,  Ag. 

N^otiHftmis  micrnHnn  *         •         •         * 

-    - 

b     - 

—  o      — 

—  5     - 

—  "^     — 

Ozyrhina  Mantdli,  Ag.     •       •       - 
Pachyrhizodus  Qardneri,  Mason    - 
Ptychodus  latissimus,    Ag. 

u        mammillaris,  Ag.    - 

„        rugosus,    Ag. 
Scapanorhynchus  subulatus,   Ag.    - 

1      1      1      1   04    1      1 

1      i      1      1      1      1     1 

a     - 
-     c 

-  o     — 
4     5- 

-  5     - 

-  5     - 

-  5     - 

*Recherche8  sur  le  Terrain  CMtac^  Sup.,  1876,  p.  130. 
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Zone  of 
Hol.i^nus. 


Zone  of 
M.corte8tu 
dinarium. 


Zone  of  ^ 
U.corangui- 

nUDL 


»i 


99 


99 


MMusea, 
Pleurotomaria  perspectiva,  Maiit  - 
Inoceramus  Cuvieri,  Saw. 
involutuBy  Sow. 
undulatus,  Mcunt.  • 
8p.  (like   striatus) 
Lima  Hoperi,  Saw.         ... 
Ostrea  normaniana,  d'Orb. 
„      semiplana,   Saw. 
„      vesiculans,  Lam. 
Pecten  coQcentricuB»    Woodw. 

cretosus,  De/r.    (  =   nitidxis, 

Mant.) 

britanniciis,  Woods 
(Neithea)  quinquecostatuSySW. 
Spondylus  latus,  Saw  .    -       -       • 

„  spinosus,   Saw. 

Teredo  amphisbeena,  Goldf. 


1     2 


91 


99 
99 


Brachiopoda. 
Crania  egnabergensis,  Retz.     - 

„     parisiensis,    Defr. 
Rhynchonella  Cuvieri,    d*Orh. 
„  Umbata,  SMoth. 

„  plicatilia,    Saw. 

„  reedensist  Eth. 

Terebratula  camea,  Saw. 

„  semiglobosa,   Saw. 

Terebratulina  gracilis,  Schloth.  var. 

„  striata,  WcM.     - 

Theeidium  Wetherelli.  Morris  - 


-    2 


1  - 

1  2 

1  - 

1  2 

1  - 

1  - 


Bryozoa. 
Alecto  gracilis,  M.  Edw.    -    - 

„        ramosa,  Boemer 
Desmepora  semicylindrica,  Boemer 
Diastopora  Sowerbyi,  Lorud,     - 
Entalophora  sp.         ... 
Homceosolen  sp.         ... 
Truncatula  alternata,  d^Orb.    - 

Crustacea. 
Enoploclytia  Leachi,  Mant. 
Scalpellum  arcuatum,  Darw.    - 


Annelida. 
Serpula  plexus.   Sow 
Terebella  lewesiensis,  Davies 


Echinodermata.'^ 
Bourgueticrinus  ellipticus,  Miller. 
Cidans  clavigera,  Konig. 


b   - 


a    - 
-  c 


a    - 


a    - 
a    - 
a,b,c 
-    c. 


a  - 
a   - 

-  c 
a 

-  c 
a    - 
a,  be 
a,  c 
b    - 
a,  b 

a  - 


a 
a 
a 
a 


a 
c 


a    - 


a,c 
c 


4  - 

4  - 

-  5 

4  - 


4  5 
4  - 
4     - 


4  5 

-  5 

-  6 

-  5 
4  5 


6 


4     -     - 


4  -     G 

4  -     - 

4  5- 

4  5- 

4  -     - 


4     -     - 


4  - 
-  5 
4     - 


-  6 

-  5 


4     .     . 


-     5 
4     - 
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ZoQe  of 
Hoi.  planus. 


Cidaris  sceptnfera,  Mant 
Cyphosoma  Koenigi,  Mant.   - 
„  corollare,  Klein  - 

„  radiatum,    Sorig. 

Echinocorys  scutatus,  Leske  - 
Epiaster  gibbus   Lam, 
Galerites  albogalenis,  Leske    - 
Holaster  planus,  Mant 

„        placenta,  Ag,     - 
Micraster  coranguinum^  Leske 

corbovis,  Forbes  (1  I^iCskei) 

cortestudinarium,  Goldf. 

Leskei?  Desm. 

praecureor,  Rotoe 
Offaster  pUlula,  Ixtm.    -       -       - 


-    2 


1      2 
1     2 


Zone  of 

M.  cortestu- 

dUnarium. 


1    2 


t> 


u 


»» 


l» 


1  - 

-  2 
1  - 

-  2 


Acttnozoa, 
Parasmilia  centralis,  Mant    - 
Synhelia  sharpeana,  E,  and  H.    - 

Spongida, 
Camero8pongiacampanulata,7'.5'mitA 
Plinthosella  squamoRa,  Zitt        •  - 
Plocoscyphia  convoluta,  T,  Smith  - 

„  vagans,  Hinde 

Porosphaera  globularis,  PhiL 

n  pileolus.  Lam. 

Siphonia  Koenigi,  Mant 
Ventriculites  alcyonoides,  T.  Smith 

decurrens,  T.  Smith  - 
mammillaris,  T.  Smith 
radiatus,  Mant 


»> 


♦» 


Radiolaria  (in  flints) 


Zone  of 
H.corangai- 
nuQL 


-     c 


-      c 
a,  b,c 


a 
b,  c 

c 
a,b,c 

b,  c 


4     5     6 

-  6    - 

-  6     - 


4     5- 

-  5     - 

-  5     - 


4     5- 
4     5     6 


4t 


—      — 

a 

4 

5 
5 

- 

1    - 

-    - 

- 

5 

- 

1    - 

b    - 

4 

5 

— 

-     — 

—    — 

4 

5 

— 

:  : 

b    - 

4 

5 

— 

—    — 

a,  c 

— 

— 

— 

1   1   i 

—    — 

4 

— 

6 

c 

- 

5 

- 

-    - 

c 

— 

- 

- 
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CHAPTER  XIV. 
THE    UPPER     CHALK     IN     NORTH     HAMPSHIRK 

GSNEBAL  RiaiABES. 

That  part  of  Hampshire  to  which  the  following  account  relates 
is  wholly  comprised  within  the  Basingstoke  and  Andover  sheets 
of  the  new  series  of  Ordnance  Maps  (Sheets  283,  284).  Our 
knowledge  of  the  zones  in  this  district  is  primarily  due  to  Pirofessor 
Barrois,*  but  Mr.  E.  Westlake  made  some  subsequent  explora- 
tion of  the  ceuntry,t  and  Mr.  Ch.  Griffiths  and  Mr.  E.  M.  Brydone 
have  more  recently  explored  much  of  the  district,  and  have  col- 
lected diligently  from  all  the  principal  exposures  near  Andover, 
Whitchurch,  Micheldever,  and  Basingstoke. 

The  Chalk  Rock  (zone  of  Holaster  planus)  crops  out  round  the 
uplifts  of  Kingsclere  and  Shalboume  and  is  probably  succeeded 
by  a  thin  zone  of  M,  cortestudinarium,  though  at  present  we 
have  no  certain  evidence  of  its  existence. 

The  zone  of  Micraster  corcmguinum  occupies  large  parts  of 
the  surface  area  of  this  district,  because  it  is  brought  up  round 
the  uplifts  of  Kingsclere  and  Shalboume,  and  the  MarsupUea  zone 
forms  a  narrow  band  for  some  distance  along  the  Northern  border, 
just  below  the  Eocene  boundary.  To  the  southward,  also,  there 
are  synclinals  by  which  the  Marsupites  zone,  with  more  or  less  of 
the  Act,  quadratus  zone,  are  brought  in.  South  of  Whitchurch 
and  Overton  the  zone  of  M.  corangumum  makes  its  appearance 
again,  not  only  in  the  lower  groimd,  but  on  the  high  groimd  north 
of  Micheldever. 

It  is  evident  that  a  careful  zonal  study  of  this  district  would 
bring  out  some  interesting  facts  respecting  the  flexures  of  the 
Chalk  and  the  subsidiary  system  of  synclines  and  anticlines  which 
exists  in  this  area,  which  is  really  a  prolongation  of  the  compound 
Wealden  uplift. 

Nothing  is  definitely  known  with  regard  to  the  local  thickness 
of  the  several  zones  into  which  the  Upper  Chalk  is  divided,  but 

*Recherches  sur  le  Terrain  Cr^tac^  sup^rieur,  p.  38  ei  iteq^  1876. 
t  Tabular  Index  to  the  Fossils  cited  by  Dr.  Ch.  Barrois  (1888). 
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it  is  probable  that  their  relative  thicknesses  are  nearly  the  same 
as  in  the  central  part  of  Hampshire,  described  in  Chapter  V. 

Stbatiqraphical  Details. 
L  The  Chalk  Sock  Beds. 

These  beds  must  be  regarded  as  a  condensed  equivalent  of  the 
zone  of  HoUider  planus. 

I  am  informed  by  Mr.  Bennett  that  there  are  several  exposures 
of  these  beds  along  the  cincture  of  the  Kingsclere  inlier.  On  the 
northern  side  of  the  vale  he  found  them  exposed  in  a  quarry 
three-eighths  of  a  mile  south-west  of  Kingsclere  Church,  in  another 
quarry  less  than  a  mile  N.N.R  of  Burghclere,  and  a  still  better 
section  in  the  railway-cutting  west  of  the  latter  (see  Fig. 
The  beds  in  each  case  are  dipping  northward  at  angles  of  from 
20^  to  28%  and  the  succession  at  each  place  is  the  following  :— 

FbcU 

White  chalk  with  flints. 

Hard  compact  yellowish  limestone 2  to    3 

.Qreyish-white  nodular  chalk  - 12  or  13 

"HBTd  chalk-rock,  with  a  layer  of  green-coated  nodules 
at  top  and  another  below 6  or    7 

On  the  south  side  of  the  vale  the  rock  is  well  shown  in  the  first 
cutting  on  the  railway  north  of  Litchfield  Station,  where  the  beds 
are  dipping  to  the  south  at  about  4"".  Of  this  section  Mr.  Whitaker 
furnishes  the  following  accoimt : — 

FeeU 

White  chalk  with  flints. 
^Very    hard    cream-cdoured   chalk,  with    a  few 

pale   greenish   nodules       .'''.''       ^ 
Hard  white  bedded  chalk  with  two  thin  discon- 
tinuous seams  of  flint  - 11 

Hard  chalk  with  a  layer  of  flints  at  the  top  -       -        1 
Hard  chalk-rock,  jointed,  with  a  la^er  of  green-coated 
nodules  at  the  top,  where  it  is  fossiliferous     c-       2 

Hard  chalk 4 

Hard  chalk-rock  like  the  above,  but  not  so  marked, 
passing  down  into  hard  chalk         -       -       •     1 1 

22 

From  the  sections  above  mentioned  Mr.  Bhodes  was  able  to 
obtain  a  fair  number  of  fossils.  (See  list  at  the  end  of  this  chapter.) 

In  the  Bourne  Valley  a  good  section  through  these  beds  is 
found  in  a  quarry  at  the  foot  of  Stoke  Hill  one  and  a  half  miles 
south-east  of  Hurstboume  Tarrant  vsee  Fig.  50).  This  section  was 
carefully  measured  by  Mr.  E.  Westlake,  and  his  account  was 
published  in  Steven's  "  History  of  St.  Mary  Bourne  "  (1803). 


( 
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■ 

Somewhat  abbreviated,  it  is  as  follows,  but  the  bracketing  of  the 

beds  into  zones  is  my  own  :— 

Ft    in. 
Soft  chalk  with  a  team  of  flint  9  inches  from 
bottom  ^ -       -       -39 

(  Upper  jrock^fed—yery  hard  chalk,  slightly  ochre- 

ous,  much  broken,  but  defined  at  the  top      -      2    0 
Softish  white  chalk  without  flints    -       -       -      7    9 
Layer  of  rusty  flints,  forming  top  of 
Sp<mge-bed--'haiid    nodular    chsJk    with    black 
specks  and  many  decayed  irregular  flints  full 
qI  spicules  ;  in  places  the  chalk  contains  cavities      1    0 
Lower  roeh^)ed.  Two  courses  of  ver^  hard  chalk, 
the  upper  siurfaces  of  which  are  irregular  and 
well  defined.    The  top  3  or  4  inches  of  each 
course  contains  green-coated  nodules,  pyrites, 
andmany  fossils  (see  list  on  page  191).    -         -      2  10 
f  Nodular  chalk,  consisting  of  hard  lumps  in  a 

softer  matrix  with  wavy  streaks  of  grey  marl  2  8 
Layer  of  green  coated  nodules  and  pyrites  -  0  2 
Nodular  chalk,  like  that  above  -       -       -       -      6     6 

Soft  grey  marl 04 

Compact  greyish  chalk,  lumpy  but  less  so  than 
the  beds  above  and  breaking  into  larger  blocks  ; 
a  few  scattered  flints.  Spondylus  spinosusf^ 
common  -.--  --12    0 

Mr.  Westlake  divided  the  beds  above  the  marl  band  into  a  zone 
of  HoUister  plawua  and  a  zone  of  Micraster  breviporas.  When 
he  wrote  it  was  natural  to  place  the  nodular  chalk  above  this 
band  in  the  former  zone,  but  we  have  already  explained  (Vol.  11. 
p.  410)  why  Mr.  Hill  and  I  take  a  different  view. 

It  might  be  thought  that  the  two-inch  layer  of  green-coated 
nodules  should  be  regarded  as  part  5f  the  Chalk  Bock,  but  such 
nodules  occur  at  many  horizons  in  the  Chalk,  and  the  mere  occur- 
rence of  such  nodules  a  few  feet  below  a  bed  of  Chalk  Bock  is  no 
good  argument  for  including  such  a  layer  in  the  same  zone.  Mr. 
Westlake  foimd  no  fossils  in  this  thin  layer  of  nodules,  and  the 
special  fauna  of  the  Chalk  Bock,  with  its  Cephalopods  and  Gastero- 
poda, does  not  come  in  till  the  lower  rock-bed  is  reached. 

It  has  been  mentioned  in  Chapter  Vil.  that  a  similar  layer  occurs 
in  the  Isle  of  Wight,  and  has  actually  been  called  Chalk  Bock, 
but  that  we  regard  it  as  lying  in  the  Terebratvlina  zone,  and 
altogether  below  the  true  representative  of  the  Chalk  Bock  in 
that  island. 

Mr.  Westlake  gave  a  list  of  the  various  fossils  which  he  found 
in  each  bed,  but  the  upper  rock-bed  only  yielded  an  imperfect 
MicrcLster.  These  fossils  are  listed  on  p.  191  in  their  respective 
zones  under  the  letter  s,  but  we  mention  here  that  the  fossils 
foimd  in  the  nodular  chalk  at  the  top  of  the  Terebratulina  zone 
were :  Holaster  plamts,  Micraster  Ledcei,  Rhynchonella  plicatilis. 
Terebratvla  semiglobosa,  InocerawAis  cf.  Cfumeiformia,  and  Natica  sp. 
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2.  Zone  of  Micraster  coranguinum. 

This  zone  probably  occupies  a  considerable  area  to  the  east 
and  west  of  Basingstoke.  Professor  Barrois  supposed  the  town 
to  be  on  the  zone  of  Marsupites  (op.  cit.  p.  39),  but  he  was 
unable  to  find  many  fossils.  Messrs..  Griffith  and  Brydone,  how- 
ever, have  devoted  some  time  to  collecting  from  the  railway  cutting 
of  the  Great  Western  Railway  east  of  Basingstoke  Station,  and 
consider  it  to  be  in  the  zone  of  M.  coranguinum,  the  occurrence  of 
that  fossil  with  Galeritesalbogalerus  and  Actinocamax  verus  and  the 
absence  of  any  plates  of  Marsupites  leading  them  to  that  conclusion. 
There  is  another  exposm*e  of  the  same  chalk  in  the  siding  east  of 
the  junction  with  the  South  Western  Railway. 

It  might  be  thought  that  the  occurrence  of  Actinocamxix  verus 
was  suggestive  of  the  Marsupites  zone,  since  at  Margate  and  else- 
where that  fossil  is  associated  with  Marsupites.  Mr.  Griffith, 
however,  informs  me  that  this  does  not  seem  to  be  the  case  in 
Hampshire ;  that  they  have  never  found  it  in  any  section  where 
plates  of  Marsupites  occur,  while  it  is  not  imcommon  in  the 
chalk  which  appears  to  be  referable  to  the  zone  of  M.  coranguinum. 

On  the  northern  side  of  the  Vale  of  Kingsclere  the  outcrop  of 
this  zone  must  form  a  very  narrow  band,  for  on  the  maps  of  the 
Geological  Survey  the  whole  space  occupied  by  the  Upper  Chalk 
is  in  places  not  more  than  350  yards  across,  and  the  beds  are 
indicated  as  dipping  northward  at  angles  of  from  25°  to  40°.  It 
is  probably  exposed  in  the  third  railway  cutting  north  of  Burgh- 
clere,  but  no  one  has  yet  obtained  any  information  respecting  the 
zonal  succession  in  this  cutting. 

On  the  south  side  of  the  Vale  the  zone  of  M,  coranguinum  occupies 
the  ground  for  some  distance  to  the  south  and  east  of  Litchfield. 
Dr.  Barrois  describes  it  as  chalk  with  banded  flints  and  some 
cavernous  flints,  but  with  few  fossils  except  fragments  of  Ino- 
ceramus ;  he  notes  it  as  visible  at  Cold  Henley  and  Larks  Barrow 
Hill,  about  two  miles  south  of  Litchfield,  and  again  to  the  south- 
east at  Woolding  Farm  and  Travellers'  Best. 

He  considered  Whitchurch  and  Hurstbourne  Priors  to  be  on  the 
Marsupite  chalk,  but  Mr.  E.  Westlake  inclines  to  the  opinion  that 
the  beds  there  seen  by  Professor  Barrois  belong  to  the  zone  of 
M.  coranguinum,  and  the  same  is  the  case  with  regard  to  the 
chalk  round  Overton  to  the  eastward. 

The  New  Barn  cutting  on  the  railway  between  Whitchurch  and 
Hurstbourne  stations  is  in  the  M.  coranguinum  zone,  and  Dr.  J. 
Stevens  obtained  many  fossils  here  when  the  cutting  was  being 
made  (see  list  on  p.  191).  Professor  Barrois  recognised  the  same 
zone  at  Chapmans  ford,  where  banded  flints  occur  in  layers 
at  distances  of  1^  to  3  feet  apart.  The  large  quarry  near  Hurst- 
bourne Priors  shows  soft  chalk  in  horizontal  beds,  with  black 
flints  in  layers  about  the  same  distance  apart,  and  here  Professor 
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Barrels  obtained  many  fossils.  Of  this  Mr.  Westlake  writes  that 
it  is  known  locally  as  the  Bee  House  pit,  and  that  **  evidence  as 
to  the  horizon  of  this  pit  has  been  furnished  by  the  recent  cuttings 
on  the  Hurstboume  and  Fullerton  branch,  about  a  mile  west  of 
the  pit,  and  100  feet  above  it,  which  contain  Af .  coranguvMim 
and  E.  conicaa  "  {^Groleritea  alhogalerus),  and  AdviwoamcLX  wnu 
is  recorded  by  Professor  Barrois. 

To  the  east  of  Whitchurch  is  another  large  quarry  at  the  Whiting 
works,  described  by  Professor  Barrois  as  containing  layers  of  large 
cavernous  flints  at  distances  of  3  to  6  feet ;  in  the  upper  parts  are 
banded  flints,  and  3  feet  from  the  top  a  yellowish  layer  with  a 
marked  upper  surfcu^e.  This  pit  is  clearly  in  the  Af .  cora/iiguirvwnh 
zone,  and  Mr.  Westlake  says  the  cutting  at  the  South  Western 
Railway  station,  100  feet  above  the  pit,  has  furnished  nxmierous 
Micrdster  coranguirvwrn,  and  GalerUea  albogalerus.  Of  the  flints  in 
this  cutting  Mr.  Charles  Griffith,  of  Winchester,  writes  that  they  are 
very  numerous  both  in  layers  and  as  scattered  nodules,  that  inside 
they  are  sometimes  black,  but  more  often  grey  or  brown,  and  fre- 
quently mottled  with  moderately  thick  crusts.  There  is  a  layer 
of  very  large  flat  flints  at  the  top  near  the  bridge,  which  seems 
to  show  an  easterly  dip. 

Of  the  quarry  mentioned  by  Prof.  Barrois  at  "  Norrington," 
Mr.  Westlake  writes :— "  By  this  name,  taken  from  the  old  one-inch 
map,  is  intended  the  pit  at  Southington  com-mill,  half  a  mile  west 
of  Overton.  The  railway  cutting  at  Overton  Station,  100  feet 
above  this  pit,  contains  numerous  M.  coranguinum  and  E.  conicas. 
I  have  failed  to  find  E.  conicus  in  the  Southington  pit,  and  I  refer 
it  to  the  same  horizon  as  the  whiting  pit  at  Whitchurch,"  where  it  is 
very  rare — namely,  to  the  lower  part  of  the  Af .  coranguinwn  zone. 

On  the  great  railway  cutting  north  of  Micheldever  Station,  Mr. 
Charles  Griffith  kindly  furnishes  me  with  the  following  notes : — 
"The  chalk  is  soUd,  moderately  soft,  with  very  many  flints ;  these 
are  of  all  shapes  and  sizes,  in  layers  and  scattered,  skins  very  thin 
to  fairly  thick,  interior  generally  black  but  sometimes  grey. 
Echinoderms  are  remarkably  abimdant  (GaleriteSy  Echinocarys, 
Micraster,  Cidaris,  Cyphosoma,  etc. ;  see  list).  Actinocamax  verus 
is  not  uncommon  here,  but  I  refer  the  chalk  to  the  upper  part  of  the 
M,  coranguinum  zone.*'    In  this  opinion  Mr.  Westlake  concurs. 

Professor  Barrois  states  (op.  cit.,  p.  49)  that  Andover  is  also 
probably  on  this  zone,  though  some  of  the  higher  ground  to  the  east 
of  the  town  may  consist  of  the  Marsupites  chalk. 

2.  Zone  of  Harsupites. 

The  extent  of  this  zone  in  the  northern  part  of  Hampshire  is  at 
present  quite  uncertain,  because  no  one  has  yet  explored  the  region 
with  a  view  to  separating  it  from  the  overlying  zone  of  ActinocamcLx 
quadratus.  When  Professor  Barrois  made  his  researches  he  in- 
cluded in  his  zone  of  MarsupiJtes  the  greater  portion  of  the  chalk 
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which  we  now  refer  to  that  of  Act,  quadratus,  and  consequently 
we  cannot  be  guided  by  his  references  to  the  zone  except  where  he 
actually  records  plates  of  Maraupitea,  and  this  is  only  in  one 
instance  (Harewood,  near  Andover). 

Mr.  Griffith  however  informs  me  that  he  is  right  in  referring 
the  large  quarry  near  Chinham,  1^  miles  north  of  Basingstoke, 
to  the  zone  of  Maraupites,  for  plates  of  that  fossil  have  since  been 
found  there  in  abundance.  Professor  Barrois  describes  the  chalk 
seen  in  this  quarry  as  soft  and  white,  containing  a  few  rounded 
flints,  which  are  either  white  or  yellow  outside,  and  occur  as  scat- 
tered nodules,  not  in  layers,  though  there  are  some  thin  flint  seams 
(lita  tabulairea),  Messrs.  Griffith  and  Brydone  have  collected 
many  fossils  here,  and  the  list  will  be  found  on  p.  19 1. 

It  seems  probable  that  near  Basingstoke  the  continuity  of  the 
MaraupUea  zone  is  broken  by  a  gentle  uplift  connected  with  that 
of  the  Kingsclere  district,  and  that,  as  already  stated,  most  of  the 
chalk  near  Basingstoke,  and  that  exposed  between  Overton  and 
Whitchurch,  belongs  to  the  zone  of  M,  coranguinvm. 

West  of  Whitchurch,  however,  higher  beds  appear  to  come  in 
again,  for,  on  the  highest  ground  occupied  by  Harewood  "Forest, 
Professor  Barrois  found  plates  of  MaraupUea  between  Hurst- 
bourne  and  Andover,  the  exact  position  of  which  he  does  not 
state,  but  mentions  that  the  flints  are  rather  large,  banded,  and 
yellow  outside. 

There  are  also  two  quarries  east  of  Andover  which,  according 
to  Mr.  Griffith,  may  be  referred  either  to  the  zone  of  MaraupUea 
or  to  that  of  Act.  quadratua.  One  of  these  is  by  the  old  road  east 
of  the  town,  but  has  not  yielded  many  fossils ;  the  other  is  a  large 
pit  on  the  road  to  Micheldever,  and  has  yielded  a  number  of 
small  fossils,  Offaater  pUlvla  being  not  imconunon  at  the  upper 
end  of  the  pit,  but  MaraupUea  have  not  yet  been  found  at  either 
place. 

This  zone  in  all  probability  occupies  some  considerable  area 
to  the  north  of  Andover,  beneath  the  Dole  Wood  district,  for  Mr. 
Westlake  states  that  at  Frenches  Copse,  south  of  Hurstboume 
Tarrant,  the  Eocene  rests  on  the  zone  of  MaraupUea.^ 

It  may  also  be  exposed  at  the  northern  end  of  the  third 
cutting  on  the  railway  north  of  Burghclere  Station,  for  Mr.  Bhodes 
(collecting  for  Mr.  Bennett)  obtained  a  plate  of  MaraupUea  there. 

4.  Zone  of  Actinocamax  quadratus. 

This  zone  appears  to  come  in  at  certain  places  along  the  central 
part  of  the  Chalk  area  between  the  anticlines  of  Winchester  and 

Kingsclere.    Probably  it  only  occurs  in  the  form  of  outliers  in  the 

^^^^^^^"^■^^^^^^^^^^^■^— ^^— ^■^^^^^^^^— ^^^— ^"^^■^^^^^^^i'^^— ■^— ^^^— -^^^— ^^»^— ^— ^^■^^— ^—      ^^^™™ 

*  Tp  tl^e  Sistory  of  St.  Mary  Bourne,  by  £.  Stevens. 
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central  parts  of  the  deeper  s}mclinal  troughs.  For  the  following 
notes  I  am  indebted  to  Mr.  Charles  Griffith :— '"  A  disused  chalk-pit 
at  Weston,  by  the  side  of  the  railway,  three  miles  south  of  Michel- 
dever  Station,  has  yielded  many  specimens  of  Off  aster  pUlvla  and 
many  Bryazoa,  and  as  in  our  experience  Off  aster  jnllvla  only  occurs 
above  the  chalk  in  which  Marsupite  plates  have  been  found,  I  am 
disposed  to  assign  this  pit  to  the  lower  part  of  the  Act.  qaadraiuB 
zone,  and  to  place  it  on  the  same  horizon  as  the  chalk  exposed  at 
the  top  of  the  large  quarry  east  of  Andover. 

"Two  specimens  of  Actinocamax  granulatus  were  found  in 
1898  in  a  pit  two  miles  north  of  Sutton  Scotney,  on  the  east  side 
of  the  road  to  Whitchurch,  and  Off  aster  pillvla  was  foimd  in  a  pit 
on  the  south  side  of  Sutton  village.  Act,  granulatus  has  also  been 
foxmd  in  one  of  the  quarries  east  of  Andover."— (C.G.) 

It  is  possible  also  that  some  part  of  this  zone  may  come  in  to  the 
north-west  of  Andover,  near  Hatherton  and  Tangley,  on  the  borders 
of  Wiltshire,  for  in  all  probability  there  is  a  synclinal  axis  running 
from  south-east  to  north-west,  parallel  to  the  anticlinal  axis  of  the 
Bourne  Valley  (St.  Mary  Bourne  to  Vernham's  Dean).  Part  of 
this  tract  west  of  Ibthorpe  is  300  feet  or  more  above  the  outcrop 
of  the  Chalk  Rock  in  that  village,  a  height  which  with  the 
contributing  dip  would  probably  suffice  to  bring  in  the  Act, 
quadratus  zone. 

List  or  Fossils   from  the  Upper  Chalk  of  North 

Hampshire. 

The  following  list  of  fossils  from  the  Upper  Chalk  of  North  Hamp- 
shire has  been  compiled  from  several  sources. 

That  of  the  Chalk  Rock  and  associated  beds  is  partly  from  collec- 
tions made  by  Mr.  J.  Rhodes  for  the  Geological  Survey,  partly 
from  a  list  sent  me  by  Mr.  C.  Griffith,  and  from  lists  given  by 
Mr.  Westlake  in  Dr.  Stevens'  History  olf  St.  Mary  Bourne ;  those 
obtained  from  Litchfield,  Kingsclere,  etc.,  are  indicated  by  the 
letter  r,  and  those  from  Stoke  by  the  letter  s. 

The  fauna  of  the  M.  coranguirvwm,  zone  is  compiled  from  the 
following  sources;  (n)  that  given  by  Mr.  Westlake  from  the 
New  Barn  cutting,  Whitchurch  ;  (b)  from  Professor  Barrois' 
list  of  the  Bee  House  quarry,  Whitchurch,  supplemented  by 
the  results  of  Mr.  Griffith's  collecting  at  the  same  place ;  and, 
lastly  (m)  from  a  list,  kindly  furnished  by  Mr.  Griffith,  of  fossils 
found  by  him  and  Mr.  Brydone  in  the  cutting  at  Micheldever. 

The  species  recorded  from  the  higher  zones  are  entirely  due  to 
the  diligent  collecting  of  Messrs.  Griffith  and  Brydone,  who  have 
most  generously  placed  their  lists  at  my  disposal.  The  letters  in 
these  columns  signify  the  following  localities;  a  Andover,  c  Chinhami 
0  Odiham,  t  Sutton  Scotney,  w  Weston, 
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CHAPTER    XV. 

THE    UPPER   CHALK   IN 
NORTH   WILTSHIRE  AND   WEST   BERKSHIRE. 

General  Re&iares. 

We  shall  regard  North  Wilts  as  including  the  whole  of  the 
Vale  of  Pewsey,  as  well  as  all  that  part  of  the  county  which  lies 
north  of  a  line  drawn  east  and  west  from  Westbnry  to  Ludgershall. 

The  boundary  line  formed  by  the  outcrop  of  the  Chalk  Rock 
has  been  mapped  chiefly  by  Mr.  F.  J.  Bennett,  and  many  exposures 
have  been  noted  by  him  and  some  by  myself,  for  the  rock-beds 
have  been  quarried  for  many  years  to  obtain  road  metal.  The 
Chalk  Rock  was  well  known  to  the  Rev.  S.  Townsend  at  the 
beginning  of  last  century,  and  is  noticed  by  him  in  the  following 
passage*:—"  In  descending  the  hills  from  Everley  to  the  Vale  of 
Pewsey  a  second  bed  [of  chalk]  appears,  hard,  rubbly,  and  tinc- 
tured with  green,  improper  for  the  uses  to  which  the  former  is 
applied,  and  fit  only  for  the  highways." 

On  the  south  side  of  the  Vale  of  Pewsey  no  great  thickness 
of  Upper  Chalk  comes  in,  probably  less  than  200  feet,  and  not 
reaching  higher  than  the  middle  of  the  zone  of  Micraster  coran- 
guinum.  North  and  north-east  of  the  Vale  a  greater  thickness 
comes  in,  and  near  Marlborough  there  is  probably  quite 
300  feet  of  Upper  Chalk,  but  as  nothing  higher  than  the 
ilf .  corangumum  zone  comes  in  below  the  Eocene,  we  must 
suppose  that  the  higher  zones  have  been  overlapped  by  the 
Eocene  in  passing  from  east  to  west. 

It  will  be  convenient  to  describe  in  this  chapter  what  is  known 
of  the  Upper  Chalk  in  that  part  of  Berkshire  which  adjoins  Wilt- 
shire, that  which  lies  to  the  north  of  the  river  Kennet  and  west 
of  the  Thames  valley.  This  district  includes  the  greater  part  of 
the  chalk  area  of  Berkshire,  but  with  the  exception  of  the  base- 
ment beds  (Chalk  Rock)  little  is  known  about  it. 

The  higher  portions  of  the  Chalk  are  largely  covered  by  "  clay 
with  flints  "  and  remanife  Eocene  material,  but  chalk  is  exposed 
on  the  slopes  of  all  the  valleys  which  drain  south  into  the  Kennet 
and  its  tributary  the  Lamboum.    The  beds  belong  to  the  zones 

•The  Character  of  Moses  established  for  Veracity,  &c.,  4  to  p.  98, 1813 : 
a  work  which  contains  much  more  geological  information  than  might  be 
expect^  from  its  title. 
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of  Micraster  cotiettudvMirium  and  M.  coranguvnum,  and  it  is 
improbable  that  any  higher  zone  emerges  from  beneath  the  Eocene 
in  this  region. 

The  sections  in  the  valley  of  the  Thames  will  be  more  conveniently 
considered  in  the  following  chapter  with  those  in  the  adjoining 
parts  of  Oxon  and  Bucks. 

A.—NOBTH  WiLTSmBE. 

In  1901  Mr.  E.  Meyrick  and  the  members  of  the  Marlborough 
College  Natural  History  Society  made  a  systematic  search  for 
fossils  in  the  various  quarries  and  exposures  within  reach  of 
Marlborough,  and  the  specimens  found  were  sent  to  me  for 
identification.  It  is  entirely  due  to  the  search  conducted  by 
Mr.  MejTick  that  I  am  able  to  give  the  list  of  fossils  that  will  be 
found  on  page  200,  for  it  had  previously  been  supposed  that  the 
Chalk  Bock  was  not  very  productive  in  North  Wiltshire,  nor 
had  the  higher  zones  been  definitely  recognised. 

The  Chalk  Sock  Beds. 

The  zone  of  Holaster  planus  is  probably  represented  in 
Wiltshire  by  the  Chalk  Bock  which  usually  consists  of  several 
courses  of  compact  cream-coloured  limestone,  each  course  termin- 
ating upward  in  a  layer  of  green-coated  nodules.  These  nodules 
are  lumps  of  chalk  which  have  been  rolled  and  slightly  phos- 
phatised  on  the  sea-floor. 

There  are  many  old  quarries  in  the  Chalk  Bock  on  the  summit 
of  the  Downs  east  of  Westbury,  but  most  of  the  sections  are 
shallow,  and  do  not  expose  more  than  3  or  4  feet  of  the  rocky  beds. 

A  deeper  exposure  was  found  by  my  colleague,  Mr.  Bennett, 

in  a  quarry  on  Stoke  Hill,  south  of  Earlstoke,  where  the  following 

beds  were  seen  :  — 

Feet 

White  chalk  with  flints 2j 

Layer  of  green-coated  nodules ^ 

Hard  nodular  chalk  without  green  nodules  -  -  -  -  6 
Hard  nodular  chalk  with  four  layers  of  green-coated  nodules  3 
Hard  cream-cdoured  chalk  rock  -       -       -       -      seen  for     Ij 

In  another  pit  about  two  miles  south-east  of  Earlstoke  the 
hard  cream-coloured  rock  is  exposed  for  3  feet  without  being 
bottomed,  so  the  Chalk  Bock  beds  are  more  than  1 2  feet  thick 
in  this  district. 

On  Bedhom  Hill,  south-east  of  Urchfont,  part  of  the  rock  is 

exposed  in  quarries  on  each  side  of  the  road,  and  the  beds  seen 

were:— 

Feet. 
Hard   white   compact   limestone   with    glauconite    grains 

and  two  layers  of  green-coated  nodules    -       -        -        -     3J 
Very  hard  compact  Umestoae  without  ^een  grains  -        -     1 
Talus  below.  ' 
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Mr.  Bennett  has  ti-aoed  the  outcrop  of  the  Chalk  along  the 
southern  border  of  the  Vale  of  Pewsey,  but  reports  that  there 
are  no  good  exposures  of  it. 

On  the  hill  west  of  Enford  (Avon  Valley)  a  well  was  sunk  in 
1890  by  Mr.  J.  W.  Titt,  of  Warminster,  who  has  given  me  the 
following  particulars  of  the  beds  passed  through  :— 

Feet 
Chalk  with  many  flints IO4 

Hard  rocky  chalk  (sample  of  Chalk  rock  sent)    -        -       -       18 
Solid  white  chalk 72 
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At  the  eastern  end  of  the  vale  the  outcrop  of  the  Chalk  Bock 
curves  round  the  village  of  Tidcombe,  and  runs  along  the  west 
side  of  Botley  Hill,  passing  thence  into  the  Vale  of  Shalbourn; 
but  the  space  on  the  ridge  east  of  Marton,  from  which  the  rock 
beds  have  been  removed,  is  not  more  than  a  quarter  of  a  mile 
in  length. 

From  this  ridge  the  outcrop  is  continuous  westward  along  the 
northern  side  of  the  Vale  of  Pewsey,  the  northerly  dip  increasing 
till  between  Durley  and  Hewish  there  are  dips  of  from  20®  to  30®. 
It  is  exposed  in  the  cutting  on  the  new  railway  N.W.  of 
Savernake  Station. 

A  good  section  of  the  rock  was  recorded  by  Mi\  Whitaker  in  1861 
near  the  top  of  the  hill  on  the  road  N.N.E.  of  Oare  ;  he  describes 
it  as  showing  over  11  feet  of  hard-rocky  chalk  with  six  layers  of 
green-coated  nodules,  each  of  the  latter  being  2  or  3  inches  thick.  • 
Mr.  Bennett  examined  this  section  in  1889,  and  sends  me  the 
following  account  of  the  exposure  then  visible  :— 

Feet. 

Chalk  with  flints "      2 

Massive  white  chalk  with  a  few  flints  scattered  through  it    -     10 
Hard  cream-coloured  chalk-rock  with  four  layers  of  green- 
coated  nodules- ;  base  not  seen 7 

West  of  St.  Ann's  Hill  the  Chalk  Bock  beds  occur  only  in  out- 
liers, and  many  shallow  quarries  have  been  opened  to  get  stone 
for  road  material.  One  of  these,  on  Bishops  Cannings  Down, 
as  seen  in  1888,  was  about  7  feet  deep,  showing  3  feet  of  rubbly 
nodular  chalk  overlying  4  feet  of  hard  compact  rock,  with  layers 
of  green-coated  nodules. 

On  Morgans  Hill,  still  further  west,  there  are  several  small 
quarries,  and  one  at  the  north-east  end  showed  about  6  feet  of  rock, 
Uie  central  bed  about  2  feet  thick,  and  consisting  of  hard  lumps  em- 
bedded in  soft  greyish-white  chalk  with  many  fossils  and  fragments 

•Quart.  Journ.  Geol.  Soc.,  Vd.  xvii.  p.  167. 
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of  brown  phosphate.  The  beds  above  and  below  were  of  the  ordinary 
compact  kind,  with  layers  of  green-coated  nodules. 

On  Oldbury  Hill,  a  pit  north-west  of  Witch  Plantation  shows 

2  feet  of  nibbly  chalk  resting  on  hard  compact  limestone  with 
green-coated  nodules.  A  similar  section  is  exposed  in  another  pit 
to  the  eastward  (see  p.  198). 

These  facts  suggest  that  the  complete  succession  in  this  district 
would  be  as  follows  :— 

Feet, 
Compact  limestone  beds  with  layers  of  green-coated 

nodules ;  some  fossils  5 

Soft  chalk  with  hard  lumps,  many  fossils     -        -       -  2 
Beds  of  compact   limestone  with  layers    of  green- 
coated  nodules ;  some  fossils 5 

12 

The  following  notes  on  exposures  of  the  Chalk  Bock  near  Marl- 
borough are  by  my  colleague,  Mr.  F.  J.  Bennett. 

West  of  Marlborough  the  Chalk  Bock  runs  along  Overton  Hill, 
where  it  is  exposed  in  a  small  pit.  A  better  exposure  occurs  in 
the  Valley  of  Stones,  north  of  Pickledean  Barn,  where  about 

3  feet  of  the  rock  is  seen,  and  from  this  exposure  the  members  of 
the  Marlborough  College  Natm-al  History  Society  have  obtained 
many  fossils.  There  is  another  quarry  east  of  Down  Bam  in  the 
same  valley,  exposing  about  9  feet  of  rock,  wtth  four  layers  of 
green-coated  nodules. 

In  Marlborough  the  rock  is  exposed  in  a  pit  in  the  field  north 
west  of  the  '*  Marquis  of  Ailesbury's  Anns " ;  it  was  seen  in 
the  foundation  trenches  for  the  new   buildings  at  Marlborough 
College,  about  6  feet  from  the  surface,  and  the  outcrop  runs  east- 
ward to  Mildenhall. 

North  of  Marlborough  the  best  section  is  in  a  quarry  west  of 
Ogboum  Maisey,  and  is  as  follows  :— 

FeeU 
Soft  chalk  with  flints      -------  2 

Chalk  i2odb^-hard  yellowish  limestone  in  six  courses  with  a 
layer  of  green-coated  nodules  at  the  top  of  each  course    -    8 

Middle  /Hard  nodular  whitish  chalk 5 

Chalk.  \Soft  blocky  chalk 3 

18 

Here  also  the  rock-beds  contain  many  fossils.  There  are  also 
quarries  in  the  Chalk  Bock  on  the  brow  of  Hackpen  Hill  to  the 

N.W. 
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Zone  of  Micraster  cortestadinariuiit 

The  beds  of  this  zone  do  not  appear  to  be  frequently  exposed  in 
North  Wilts,  but  the  chalk  which  directly  overlies  the  Chalk 
Rock  probably  belongs  to  it. 

To  this  zone  may  be  referred  the  white  chalk  with  scattered 
flints  which  overlies  the  Chalk  Bock  on  Care  Hill  (see  page  195), 
and  Mr.  Meyrick  informs  me  that  Micraster  yroBcurdor  and 
Echinocorys  scutatua  have  been  obtained  fi*om  this  chalk. 

Similar  chalk  is  exposed  in  a  quarry  at  the  south-eastern  end  of 
Old  bury  Castle  Hill,  and  of  this  Mr.  Meyrick  sends  me  the  follow- 
ing particulars ;  '-  The  depth  of  chalk  exposed  is  not  more  than 
6  feet  and  it  consists  of  whitish  chalk,  some  parts  of  which  are 
very  hard ;  flints  of  rather  small  size  are  scattered  throughout 
irregularly,  and  there  is  one  well  mai*ked  layer  about  2  feet  from 
the  surface.  Echinocorys  scutatus,  Micraster  proecarsor,  Cyphosofna 
radiatum  and  a  few  other  fossils  were  foxmd." 

What  appears  to  be  the  downward  continuation  of  this  chalk 
and  its  junction  with  the  Chalk  Rock  is  shown  in  another  pit 
half  a  mile  north  of  the  last.  The  section  here,  as  communicated 
by  Mr.  Mejrrick,  is  as  follows : — 

Feet 
Bough  chalk  with  scattered  flints  like  that  above  described, 
Micraster  prcecursor^  Echiiwcorys  sctUatus,  and  Ventricu- 
lites impressu^   .-.. 3j 

Chalk  Rock,  very  hard  and  full  of  large  green-coated 
nodules ;  many  dossils  including  Crioceras  ellipticitm 
and  Trochus  Schliiteri seen  for         2J 

Another  pit  on  the  same  hill  at  the  south-east  comer  of  the 
old  camp  appears  to  be  in  the  beds  which  overlie  the  Chalk 
Rock.    The  section  (as  seen  by  me  in  1888)  was — 

Feet 
Soft  white  chalk  with  a  layer  of  large  white-coated  flints  at 
the   base 3 

Hard  rubbly  rock  with  some  fossils,  but  without  any  green- 
coated  nodules        -.-.--.  geen  for    6 

The  fii*st  cutting  on  the  railway  north  of  Marlborough  passes 
through  chalk  with  many  layers  of  flints,  but  no  further  informa- 
tion respecting  it  has  come  into  my  hands,  except  that  the  beds 
dip  southward,  and  probably  include  parts  of  both  the  zones 
of  M,  coranguinum  and  M.  cortestudvnariwm. 

The  well  at  Marlborough  Station  reached  Chalk  Rock  at  a 
depth  of  about  150  feet,  and  the  well  at  the  Waterworks  is  143J 
feet  deep,  entirely  through  Upper  Chalk,  according  to  informa- 
tion furnished  by  Mr.  Fairbank,  the  engineer,  to  Mr.  F.  J.  Bennett. 
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There  is  another  well  at  Messrs.  Long  and  Barry's  brewery,  of 
which  the  following  account  has  been  given: — • 

Old  well,  dug 28* 

Bored  through  soft  chalk  without  flints     -       -        -       -  44 

Chalk  with  4  layers  of  flints «•  31 

Hard  chalk 6 

Mixture  of  chalk  and  flint 8 

Chalk  with  flint  at  the  bottom 6 

Hard    chalk 6 

Chalk  with  flints  at  135  feet  and  140  feet      -       -        -        -11 

Chalk  and  fragments  of  shells 4 

(^halk  and  flints q 

150 

It  is  stated  "The  Chalk  Rock  was  apparently  reached  at  a 
depth  of  106  feet,  but  the  chalk  was  so  crushed  that  this  is  un- 
certain.'* 


3.  Zone  of  Micraster  coranguinum. 

The  best  exposure  of  this  zone  near  Marlborough  is  in  the 
df*ep  cutting  at  the  northern  entrance  to  the  tunnel  on  the 
Midland  ana  South  Western  Junction  Eailway  south  of  the  town. 
For  the  following  note  of  this  section  I  am  indebted  to  Mr. 
E.  Meyrick  : — 

White  chalk,  without  flints  -        -        -         about  15  feet 

Layer  of  continuous  tabular  flint       •        -        •         3  to  4  inches 
White  chalk,  without  flints        -  -        -         about  15  feet 

White  chalk,  with  three  layers  of  rather  distant  flints  „      10  feet 
Layer  of  continuous  tabular  flint  -        -        -    „        2  inches 

White  chalk  with  two  layers  of  flints        -        -        -    „      10  feet 

About  50  feet 

No  fossils  could  be  found  in  the  chalk,  but  the  upper  flint- 
layer  contains  fragments  of  a  large  flat  Inoceramua,  some  small 
sponges  (Siphonia  Koenigi)  and  a  Ventriculite. 

The  quarry  on  the  west  side  of  the  Salisbury  Road,  south-east 
of  Marloorough,  seems  to  belong  to  this  zone  and  has  yielded 
Micraster  corarvguiniurn  and  Ciaaris  peromata.  From  anothor 
quarry  near  Cadley,  about  two  miles  south-east  of  Marlborough, 
Mr.  Bennett  obtained  a  portion  of  the  Asteroid  Metopaster 
Mantelli. 


Rep.  Marlborough  Coll.  Nat.  Hist.  Soc.,  No.  36,  p.  132  (1888). 
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2.— West  Berkshire. 
The  Chalk  Sock  Beds. 

White  Horse  Hill  is  the  northern  termination  of  a  ridge  which 
carries  two  long  outliers  of  Upper  Chalk  based  upon  Challv 
Bock,  the  southernmost  extending  nearly  to  Lambourn. 

Mr.  F.  J.  Bennett  found  the  Chalk  Bock  exposed  in  several  of 
the  roadways  near  Lambourn  and  informs  me  that  one  of  the 
best  sections  was  on  the  road  leading  up  hill  from  Bockhampton, 
about  a  mile  south-east  of  Lambourn ;  this  shows  the  base  of 
the  rock,  and  the  beds  seen  are  :— 

Feet, 
Hard  cream  coloured  chalk  with  a  layer  of  green-coated  nodules 

at  the  top 6 

Hard  nodular  white  chalk --3 

From  Lambourn  the  outcrop  of  the  rock  runs  northward  to 
Sparsholt  Down,  and  thence  eastward  along  the  summit  of  the 
main  escarpment.  Along  this  tract  the  rock-beds  have  been 
quarried  at  frequent  intervals  for  road  metal,  so  that  many  sections 
of  these  beds  have  been  exposed  from  time  to  time,  but  they  are 
mostly  shallow  quarries  following  one  or  more  of  the  hard  beds, 
and  none  of  them  exposed  so  much  as  20  feet  of  chalk. 

One  of  the  best  sections  open  in  1887  was  in  a  quarry  on  the 
north-east  side  of  Sparsholt  Down,  and  as  soft  white  chalk  was 
exposed  at  the  top  it  would  seem  that  the  rock-beds  here  worked 
are  the  very  highest  of  the  group.  The  succession  seen  by  me 
was  as  follows  :— 

Feet 

Soft-white  chalk,  breaking  into  thin  platy  pieces  with  nodules 

of  light  grey  flint  at  the  base    ------    3 

Hard  compact  white  limestone  without  green  grains ;  large 

green-coated  nodules  in  the  upper  6  inches      -       -       -     IJ 

Hard  nodular  greyish  chalk 3 

Qreyish  lumpy  or  nodular  chalk  with  three  layers  of  green 

nodules 3J 

Hard  yellowish  limestone  with  green  nodules  and  some 

glauconite      "    .   "       "       "  "  "Secn  for     I J 

12* 

Trochvs  ScldiUeri,  Terebratvla  camea,  and  a  Micraster  were 
obtained  here. 

The  next  good  exposures  visible  in  1887  were  on  the  hill  south 
of  Letcombe  Basset,  and  in  the  more  westerly  quarry  near  Gramps 
Barn  the  section  was  :— 

FeeU 

Bubbly  white  chalk  without  flints 4 

Hard  whitish  limestone  with  a  layer  of  green-coated  nodules 
at    the    top -       -     IJ 
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Feet 


Hard  rubbly  chalk,  whitish  and  passing  into  rock  above,  grey 
and  looser   below        --.---.-3 

Two  layers  of  hard  rock  with  green  grains,  each  having 
a  layer  of  green-coated  nodules  at  top,  and  each  passing 
down  into  hard  lumpy  chalk 4 

Qreen-coated  nodules  and  layer  of  hard  rock     -       -       -     li 

14 

Hardly  any  fossils  were  to  be  found,  and  in  comparing  this 
section  with  the  preceding  it  seems  clear  that  what  is  wholly 
nodular  chalk  for  3^  feet  in  the  former  is  here  replaced  by  beds 
which  partly  consist  of  compact  limestone. 

On  Wantage  Down  there  are  old  excavations  of  considerable 
extent,  but  they  do  not  appear  to  have  been  deep. 

The  rock  has  also  been  largely  quarried  on  both  sides  of  the 
plantation  north-west  of  Cuckhamsley  Knob.  The  fossils  col- 
lected by  the  late  Mr.  Montague  Smith,  and  now  in  the  Wood- 
wardian  Museum,  Cambridge,  were  obtained  chiefly  from  the 
old  pits  on  the  west  side  of  the  plantation.  The  fossils  in  this 
fine  collection  have  recently  been  described  by  Mr.  H.  Woods.  • 
On  the  east  side  of  the  plantation  a  large  pit  was  open  in  1887. 
and  the  following  section  exposed  :- 

Feet. 
Hard  lumpy  chalk  with  Micrasters  and  Sponges,  and  a  layer 

of  scattered  flints  ----  ..-.7 

Irregular  band  of  greyish  chalk     '       ~       .'       '        about      1 
Hard  lumpy  chalk,  as  above,  but  without  flints   -       -       -      6 
Hard  compact  limestone  with  a  layer  of  green-coated  nodules 
at  top  and  another  about  3  feet  down  ;  green  grains  occur, 

seen  for      4 

18 

From  the  upper  beds  I  obtained  Micraster  Leskei,  Spondylus 
spinosus,  and  Coscinopara  quincuncialis.  The  rock  did  not  seem 
to  yield  many  fossils,  and  I  did  not  discover  the  specially  fossil- 
iferous  layer  worked  by  Mr.  M.  Smith.  The  lumpy  or  nodular 
chalk  is  probably  an  expansion  of  the  central  beds  of  the  Chalk 
Bock,  and  consequently  referable  to  the  HoL  plarvua  zone.  Part 
of  the  same  succession  is  exposed  in  a  quarry  on  East  Hendred 
Down,  IJ  miles  south-west  of  Chilton,  but  did  not  in  1887  show 
so  much  of  the  liunpy  chalk.  Another  pit  on  Bury  Down  S.S.W. 
of  Chilton  shows  just  the  same  succession  as  at  Cuckhamsley. 
No  section  in  higher  beds  was  seen  along  the  escarpment. 

From  Chilton  Down  the  zone  of  H.  plarvus  nms  south  eastward 
into  the  Compton  Valley,  and  thence  for  some  distance  up  the 
branch  valley  to  East  Hsley,  where  there  are  old  quarries  in  the 
rock-beds. 

*See  "  The  MoUusca  of  the  Chalk  Rock,"  Quart.  Journ.  Geol.  Soc., 
Vol.  m.  p.  68,  and  Vol.  liii.  p.  377,  (1806^1897). 
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From  Compton  Downs  the  outcrop  of  the  Chalk  llock  runs 
northward,  and  forma  the  bold  flat-topped  promontoiy  of  Chum 
Hill.  The  rock  can  be  seen  here  and  there  in  road  cuttings  or 
on  the  steep  hill-sides  between  here  and  Streatley,  but  there  are 
no  good  sections. 

The  Higher  Zones. 

The  zone  of  Micraster  coranguinum  sweeps  eastward  firom 
North  Wiltshire  into  Berkshire, north  of  Hungerford,and  probably 
occupies  a  considerable  area  beneath  the  tracts  of  Clay-with-flints 
by  Sheffbrd,  Welford,  Beedon,  and  Chieveley,  but  we  have  not 
been  able  to  obtain  any  special  information  about  it. 

With  regard  to  the  zone  of  Marswpites,  since  it  exists  in 
Hampshire,  it  is  very  probable  that  it  comes  to  the  sur&ce 
again  on  the  northern  border  of  the  Eocene  tract,  esnecially 
along  the  south  side  of  the  valley  of  the  Kennet  between 
Kintbury  and  Newbury. 

There  is  a  quarry  at  Kintbury  which  was  visited  by  the 
members  of  the  Geologists  Association  in  1901,*  under  the 
direction  of  Mr.  Osborne  White,  who  describes  the  chalk  exposed 
therein  as  very  white  and  soft,  and  as  containing  very  few  nints ; 
but  near  the  top  there  is  a  bed  of  hard  rocky  cream-coloured  chalk, 
the  soft  chalk  is  quarried  chiefly  for  the  manufacture  of  whiting, 
its  purity  and  the  scarcity  of  flints  making  it  very  suitable  for  thw 
purpose.  Fossils  are  also  scarce  and  few  were  obtained  during  the 
visit  of  the  Association,  but  these  few  were  forwarded  to  me  and 
I  was  able  to  identify  the  following : — 

Actinocamax  granulatus  ?  (an  alveolar  end  only). 
Spondylus  sp.  (?  latus).  Porosphsera  globularis. 

Eichinocorys  scutatus.  Ventriculites  quincuncialis. 

Mr.  White  speciallv  searched  for  plates  of  Uintacrinus  and 
Marsupitea  but  coula  not  find  any.  Nevertheless  the  position  of 
the  quarry  and  the  characters  of  the  chalk  make  it  very  likely 
that  it  belongs  to  the  lower  part  of  the  Marsupitea  zone. 

Beds  which  seem  to  belong  to  the  same  part  of  the  chalk  are 
exposed  at  Snaw,  near  Newbury,  and  Mr.  Khodes  obtamed  a  fair 
number  of  fossUs  from  them,  which  were  identified  as  the 
following  : — 

Actinocamax  sp.  Serpula  ampullacea. 
Spondylus  spinosus.  „      liuctuata. 

,»         latus  1  Echinocorys  scutatus. 

Magas  pumilus.  Qalerites  albogalerus. 

Rhyncnonella  plicatilis.  Micraster  coranguinum. 

Terebratula  semiglobosa.  Parasmilla  centralis. 

Fossils  from  the  Chalk  Rock  Beds. 

Few  fossils  have  been  found  in  the  Chalk  Bock  of  Berks  except 
at  the  quarry  near  Cuckhamsley  or  Quichelmsley  Knob,  a  hill 
about  four  miles  south-east  of  Wantage.  No  doubt  they  are  equally 

*  Proc.  Qeol.  Aaaoc.,  Vol.  xvii.  page  3S9. 
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common  at  other  places,  but  little  search  has  been  made  for  them. 
The  late  Mr.  Montague  Smith  made  a  fine  collection  from  Cuck- 
hamaley,  and  the  species  have  been  described,  and  many  of  them 
figured  by  Mr.  H.  Woods  (see  his  papers  in  Quart.  Joum.  Geol. 
Soc,  Vol.  lii.  p.  68,  PI.  ii.,  iii.,  and  iv..  and  Vol.  liii.  p.  377,  Pla-tes 
xxvii.  and  xxviii.) : — 

The  following  is  a  list  of  the  species  named  by  Mr.  Woods  : — 


Cephalopoda, 
Nautilus  Bublseyigatus,  d'Orh, 
Ammonites  [Prionocyclus]  Neptum, 

GeiniU 
„   [Pachydiscus]  peramplus,  Mant, 
Bacuhtes   bohemicus,    Friisch 
Crioceras  elUpticum,  Mant 
Hamites  sp. 
Heteroceras   reusseanum,   d'Orh, 


sp. 


Ptychoceras  Smithi,   Woa2s 
Scaphites  Qeinitzi,  d'Orh. 

Gasteropoda. 
Aporrbais  Mantelli,  Gard. 

„  sp. 

Avellaiia  of.  Humbddti,  MuLler 
Cerithium  cuckhamsUense,   Woods 

„  Saundersi,   Woods 

Crepidula  sp. 

Dentalium  turooiense,  Woods 
Emarginula  Sanctse  Catharinse,  Po^y 

„  two    other    species. 

Lampusia  sp.  (nTritonium) 
Natica  vulgaris,  Eeuss 
Pleurotomaria  perspectiva,  Mant. 
Trochus  Schliiteri,  Woods 
,,        berocscirense.  Woods 


Sdariella  gemmata,  Sow, 
Turbo  Qeinitzi,   Woods 

Lamdlihranchiaia, 
Area  of.  Qalliennei,  d'Orb. 

„      of.  Qeinitzi,  Reuss 
Cardium  turoniense.  Woods 

of    cenomanense,    d'Orb. 
dt  mailleanum,  d^Orh. 
Cardita  cancellata.   Woods 
Corbis  MorLBoni,  Woods 
Cuspidaria  caudata.  Sow, 
Cyprina  [Arctica]  quadrata,  d'Orb. 

„        equisulcata..     Woods 
luoceramus  Brongoiarti,  Sow. 
striatus.  Sow. 


)) 


>i 


)» 


>« 


sp. 


Limopsis  sp. 

Martesia  (f)  rotunda,  Woods 

Nucula  sp. 

Nuculaoa  siliqua,  Goldf. 

Ostrea  semiplana,  Sow. 

Septifer  lineatus.  Sow. 

Spondylus  spinosus,  Sow, 

„  latus.  Sow. 

Trapezium  trapezoidalis.  Reenter 

„  rectangulare.  Woods 


Besides  the  above  the  following  were  foimd  during  the  survey 
of  the  district  :•— 

Terebratula  carnea,  Sow.  Micraster  Leskei,  Desm. 

Coscinopora  quincundalis,  T,  Smith.        „  cortestudinarium?,  Goldf. 
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OHAPTEB  XVL 

THE     UPPER    CHALK  IN    OXFORDSHIBE, 

BUOEINGHAMSHmE, 
AND   THE    VALLEY   OF  THE  THAMES. 

GSNKRAL  BeICARKS. 

In  thia  chapter  we  shall  describe  the  Upper  Chalk  of  Oxford- 
shire and  Buckingham,  and  shall  notice  some  exposures  which  are 
actually  on  the  Berkshire  side  of  the  Thames,  between  Streatley  and 
Maidenhead,  but  which  are  naturally  included  in  a  purview  of  the 
Thames  VaUey. 

The  description  of  this  region  divides  itself  naturally  into  two 
parts,  (1)  that  of  the  escarpment  ridge  and  the  valley-heads  by 
which  it  is  breached,  (2)  that  of  the  valley  of  the  Thames.  More- 
over, the  valley  of  the  Thames  affords  a  double  series  of  exposures, 
first  in  a  series  of  quarries  between  Whitchurch  and  Shiplake, 
and  secondly  in  another  series  between  Wargrave,  Henley,  and 
Maidenhead,  owing  to  a  dome-shaped  uplift  which  brings  up  the 
Chalk  Bock  with  some  of  the  Middle  Chalk  &t  and  near  Henley. 

The  zone  of  Holaster  plarvas  in  these  counties  often  presents 
the  aspect  recorded  by  Mr.  Hill  in  1886,*  having  some  beds  of 
typical  Chalk  Bock  at  the  base,  and  generally  about  5  feet  thick, 
succeeded  by  14  or  15  feet  of  rough,  lumpy,  and  nodular  chalk, 
at  the  top  of  which  there  is  sometimes  (but  not  always)  a  second 
bed  of  hard  yellowish  limestone. 

The  zone  of  Micraster  cartestudinarium  consists  of  a  variable 
series  of  beds,  some  of  firm  white  massive  chalk,  some  of  rough 
lumpy  chalk  with  occasional  courses  of  hard  yellowish  rocky 
chalk,  somewhat  resembling  Chalk  Bock,  but  less  compact,  and 
never  containing  green  nodules. 

These  beds  of  nodular  chalk  and  of  hard  chalky  limestone 
form  steep  slopes,  and  it  is  to  them  that  the  picturesque  features 
of  what  is  known  as  the  gorge  of  the  Thames  between  Streatley 
and  Pangbourn  are  due. 

The  zone  of  Micraster  coranguinum  consists  for  the  most  part 
of  soft  white  chalk  in  regular  beds,  with  numerous  regular  layers 
of  flints,  and  in  the  lower  part  of  the  zone  the  layers  of  flints  are 
chiefly  of  the  sort  called  caries  by  Hebert,  rough  outside  and 
cavernous  within,  containing  remains  of  sponges,  among  which 

*  Quart.  Journ.  Qeol.  See.,  Vol.  xlii  p.  244. 
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feet  of  the  quarry-face  is  inaccessible,  so  that  only  the  lower  part 
was  measured,  the  rest  being  estimated  by  eye :» 


about 


White   halk  with  flints 

Soft  white  chalk  without  flints „ 

'  Soft  powdery  chalk  with  hard  lumps  which  weather 
out  prominently ;  contains  a  few  scattered  flints 
and  a  layer  of  flints  at  the  base.     Micrcuter 

prcecursor  common 

Hard  compact  rock  with  a  layer  of  green-coated 
nodules  at  top  ;  below  it  passes  into  lumpy  white 

chalk 

Hard  yellowish  rock  full  of  green-coated  nodules  in 
the  upper  6  inches,  compact  below  but  passing 
into   nodular   chalk 

I  Less  nodular  white  chalk  passing  into  massive  white 
chalk -       - 
Layer  of  grey  marl  just  seen. 
Talus  hiding  lower  beds 


12 
2 


I 

a, 

a: 

I 


16 


3 

6 
20 
61 


There  was  no  sign  here  of  any  rock-bed  at  the  summit  of  the  lumpy 
chalk,  but  the  soft  white  chalk  may  be  regarded  as  the  base  of  the 
zone  of  Micraster  cortestvdinarium.  The  Chalk  Rock  below  has 
but  few  fossils. 

Another  good  section,  where  every  bed  can  be  easily  examined, 
is  in  the  road  cutting  on  AVhite  Hill,  east  of  Goring,  Qnd  here  the 
upper  limit  of  the  zone  is  marked  by  a  thin  bed  of  yellowish  rock. 
The  beds  seen  are  as  follows : — 


•s-l 


Soft  white  chalk  with  a  layer  of  flint  about  half  an  inch  thick 

at  the  base 

Hard  yellowish  rock  in  loose  lumps,  but  without 

nodules.     Ventrictdites 

Nodular  chalk,  consisting  of  hard  limestone  lumps 
embedded  in  loose  powdery  chalk  i^ith  a  few 

(     scattered  flints 

Hard  white  limestone,  without  green  grains,  passing 
down  into  very  hard  compact  yellowish  rock  full 
of  green  grains,  with  several  layers  of  green-coated 

nodules  (Glial Iv  Bock) 

<o   .  [  Hard  rock  without  gr^n  grains  passing  down  into 
^^  J     rough  nodular  chalk 


Feet. 


1 


12 


Layer  of  soft  shaly  marl    - 
Firm  bedded  white  chalk  - 


i 


About    30 


Micrasters  were  here  rare,  but  Echinocorys  scutatusj  Spondylus 
»pino8U8,  and  Terebratnla  carnca  occurred  in  the  nodular  beds. 
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The  next  good  section  was  in  a  quarry  on  Aston  Hill,  by  the  aide 
of  the  road  from  Oxford  to  Ixindoii.     In  1887  this  showed  :— 

Fefl. 
Soft  thin-bedded  chalk  with  a  layer  of  fliiila  in  the  middle   -       6 

„■  I  Compact  yellowish  rock 1 

I     Dull  white  lumpy  chalk,  consisling  of  soft  mealy 
•^M        chalk  with  hard  lumps,  very  glnuconilic  at  the 

a  ^  J      baae.     Many    fossils 14 

§  S  1  I'Ooae  rubbly  rock  with  green  Rrains,  preen-coated 
^  3        nodules,  and  many  fosaUs    -----       i 
^     Compact  cream-coloured  rock'  with  a  layer  of  nodules 
*  ^    about  2  feet  down  -----    seen  for      4 


A  similar  section  showing  the  two  rocks  with  14  feet  of  inter- 
vening nodular  chalk  and  about  10  feet  of  overlying  chalk  with 
Binta  is  shown  in  a  quarry,  about  30  feet  deep,  by  the  main  road 
near  the  top  of  Chinnor  Hill.  Fig  53  represents  this  quarry-  as 
aeen  in  1887. 


t'ta.  53.— View  of  a  Quarry  on  Chinnor  Hill. 
4.  Chalk  with    several    layers      2.  Nodular  chalk,  hard  lumps  in 

of  flints.  soft  mealy  chalk. 

3.  Upper  bed    of    yellowish       1.  Lower  bed  of  rock  with  green 

Chalk  Rock.  grains  and  nodules. 

Ur.  J.  Rhodes  made   good    collections  of  fossils  from   these 
quarries  on  Aston  and  Chinnor  Hills,  and  lists  will  be  found  at  the 
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end  of  this  chapter,  but  at  the  present  time  both  sections  are 
obscured  by  talus. 

In  Bucks  there  are  many  exposures  of  '*  Chalk  Bock  "  along  the 
sides  of  the  valleys  which  breach  the  escarpment,  and  of  the  smaller 
valleys  which  open  into  them,  but  it  is  often  diflBcult  to  say  whether 
the  particular  rock  exposed  is  at  the  base  or  top  of  these  beds. 
Moreover,  some  sections  show  a  succession  of  rock  beds  like  those 
in  some  parts  of  Wiltshire,  and  no  exposure  has  yet  been  seen  in 
this  county  which  shows  a  complete  section  through  these  beds. 
The  following  are  records  of  some  of  the  best  exposures  : — 

Some  smaU  pits  at  the  end  of  Bledlow  Ridge  combine  to  show 
a  succession  like  that  in  the  quarries  on  Chinnor  and  Aston  Hills, 
in  Oxfordshire,  viz.,  a  lower  hard  and  compact  rock,  nodular 
chalk  for  about  10  or  12  feet,  and  a  thin  upper  rock,  with  some 
green  grains  and  yellowish  lumps. 

A  pit  on  the  hill  about  a  mile  east  of  Princes  Risborough  gave 
the  following  section  of  the  Chalk  Rock  : — 

c 

Rough  nodular  rocky  chalk - 

Layer    of   green-coated    nodules 

Smooth  yellowish  chalk  with  hard  concretionary  lumps  - 
Oreen-coated  nodules  forming  a  layer  at  the  top  of  rough 

nodular  chalk  2     8 

Large  yellowish  nodules  at  the  top  of  a  bed  of  hard  nodular 

yellowish  limestone,  probably  the  basal  bed       -       -       1     0 
Nodular  white  chalk  passing  down  into  softer  smooth 

chalk  .       .       -        .  ....      5    0 

The  nodular  chalk  at  the  top  jrielded  HoUister  planus,  Micrdster, 
Am.  [Pachydiscus]  prosperianiLS,  and  Terebratula  camea.  The 
lower  beds  contained  Am.  \Pri(ywocyclv»\  Neptuni  and  a  few  other 
fossils  (see  p.  213.) 

Another  good  section  of  the  junction  of  the  Middle  and  Upper 
Chalk  is  visible  in  a  chalk-pit  at  Great  Missenden,  300  yards  north 
of  the  church.  The  upper  part  was  inaccessiUe  at  the  time  of  my 
visit  in  1885,  but  the  thicknesses  could  be  roughly  estimated  by  eye, 
the  succession  being  as  follows : — 

Feet. 
Soil  and  rubble  -        -  .       .        _  .      2 

^Rocky  layer  with  yellowish  nodules,  overlying  nodular 
^  ^        chalk  with  other  layers  of  nodules       -       -       -    ^i 
'a  g  (  Nodular  chalk,  hard  at  the  top      -        -       -       -       1 1 
o  ^  I  Hard    yellowish    compact    rock    with    brownish 

\     phosphatic    nodules  at  the  top  -       -       -       -       1 
Soft  white  chalk  in  massive  beds  with  three  marly  layers     29 

Sections  in  the  Henley  Inlier. 

This  inlier  is  of  very  irregular  shape,  the  outcrops  of  the  Chalk 
Rock  extending  from  the  southern  part  of  Henley  up  the  Fair 
Mile  Valley  to  and  beyond  Middle  Assendon,  and  along  the  northern 
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side  of  the  Thames  Valley  to  Medmenham,  as  well  as  for  some 
distance  up  the  tributary  valley  beyond  Hambledon. 

Mr.  Whitaker  has  recorded  a  curious  local  disturbance  in  a  pit 
just  south  of  Middle  Assendon,  where  the  Chalk  Rock  is  exposed, 
with  dips  in  three  directions,  the  sharpest  being  down  the  slope  of 
the  side  of  the  main  valley ;  in  this  direction  it  dips  at  10°  to  25° 
south  of  west,  and  in  the  opposite  direction  (25°  north  of  east)  it 
dips  at  4°,  while  there  is  a  lesser  dip  of  about  2°  to  the  north-west. 

A  more  complete  section  of  the  Rock  and  its  associated  beds  is 
visible  in  a  large  quarry  at  the  entrance  to  Henley  Park,  about  a 
mile  north  of  the  town.  This  pit  is  not  now  quarried,  but  the 
following  particulars  of  the  section  were  taken  by  Mi\  Hill  in 
1886  :— 

Feet 

White  chalk  with  several  layers  of  flints     •  -  15 

/  Nodular  chalk,  consisting  of  hard  lumps  in 
a  matrix  of  soft  mealy  chalk,  with  a  few 
scattered    flints — not    regularly    bedded    -  0 

Similar  chalk,  hard  lumps  in  a  soft  matrix, 
/      no  flints,   except  in  a  layer  at  the   base, 

Micranter  prcecursor  and  Ter,  semiglobo»a     - 10  to  12 
Chalk  Rock.    Hard  yellowish  crystalline  chalk 
gg  with    green-coated   nodules,    upper   surface 

\     clearly  marked^  but  not  the  lower  limit     -  ?5 

Rather  hard  white  chalk  with  a  marly  layer  about  5  feet 
down seen  for  7 

About  48 

The  best  existing  section  is  in  a  large  quarry  now  worked  less 
than  half  a  mile  west  of  Medmenham.  For  the  following  account 
of  this  section  I  am  indebted  to  Mr.  Hill,  who  visited  it  in  1899  : — 

Ft.  in. 
Smooth  white  chalk  with  a  few  thin-skinned  black  flints 

(inaccessible  in  part) over 

Continuous  seam  of  flint   -        -        -        -        - 

Firmer  white  chalk,  slightly  lumpy  but  not  rough,  a  few 

scattered  flints,  Echinocorys  scutatus     -        .        -        - 

Soft  white  chalk  with  many  scattered  flints    -        -        - 

/Irregular  lumpy  white  chalk  with  a  very  few 

smalf  scattered  flints,  one  MicrasUr  prcEcnrsor 

found -     12     0 

Chalk  Rock.  Hard  creamy  white  limestone  with 
two  layers  of  green-coated  nodules,  the  lower 
\    part  passing  down  into  Arm  white  chalk         -      5     8 
Firm  wliite  chalk  in  thick  massive  beds,  seen  for  about    40    0 


10 

0 

0 

1 

4 

0 

1 

0 

O  8 


Over  70     0 

It  will  l^e  noticed  that  this  section  differs  from  all  those  previously 
described,  the  beds  above  the  Chalk  Rock  being  much  less  nodular 
than  usual,  with  fewer  fossils,  and  soft  white  chalk  coming  on  only 
12  feet  above  the  Chalk  Rock,  instead  of  about  20  feet  above,  as 
near  Henley. 
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All  the  seotions  in  Oxfordshire  certainly  favour  the  view  that 
the  actual  Chalk  Rock  might  be  taken  as  the  top  of  the  Middle 
Chalk,  the  beds  resting  on  it  being  regarded  as  the  base  of  the 
Upper  Chalk.  This  was  the  view  taken  by  Mr.  Hill  in  1886,* 
but  a  more  extended  experience  has  shown  that  elsewhere  it  is 
difficult  to  fileparate  the  rock  from  the  beds  above. 

Fossils  from  the  Chalk  Rock  Beds. 


1 

Oxfordfthire. 

BackiDghamfthire. 

, 

ABton   4 

[ThlDDor 

Bled- 

BUbo- 

Wy. 

Hill. 

HUl. 

low. 

rongta. 

combe. 

CephcUopoda. 

Ammonites  [Prionoc.^  Neptuni,  Gein.    - 
„          [Pachyd.J  peramplus,  ManL 

— 

— 

_ 

X 

^ 

X 

— 

— 

X       1 

.» 

„                 „             Wiesti  1  Sharpe- 

X 

— 

1 

—         1 

__ 

Baculites  bohemicus,  FriUch 

— 

— 

__ 

X 

.. 

Hamites  sp.                      .       .        _       . 

X 

^ 

_- 

__ 

^ 

Heteroceras    (?  reussianum,    d'Orb.) 

— 

X 

— 

^ 

.^ 

Scapbites  Geinitzi,  dOrb, 

X 

X 

_ 

X 

— 

(josteropoda. 

Avellana  Humboldti,  MiUler  - 

X 

_ 

.. 

^ 

_ 

Cerithium  sp. 

X 

X 

X 

__ 

«^ 

Dentalium    turoniense,    Woorfa 

X 

_ 

^_ 

^_ 

_ 

Emarginula  (cast)            .... 

— 

X 

_ 

— 

— 

Nerinsea  sp. 

X 

^ 

_ 

— 

Pleurotomaria  depressa,  ManU 

X 

— 

"~ 

— 

_ 

„             perspectiva,  Mant 

X 

X 

X 

X 

— 

Trochus  sp.       -       -              .       -       _ 

X 

— 

X 

^ 

X 

Sdariella   gemmata,   Sow, 

— 

X 

_ 

_ 

_ 

Turbo  Qeinitzi,    Vfoods 

X 

? 

- 

Lamelltbranchiata. 

Area  sp.   - 

^ 

X 

_ 

^ 

Cardita  eancellata,  Woods 

X 

X 

X 

__ 



Nucula  sp. 

^ 

^ 

X 

^— 

M 

Inoceramus  Cuvieri  ?  Sow.     - 

*         _ 

_ 

^ 

X 

^^ 

„         sp.  (small)    -       -        -       - 

— 

X 

X 

X 

X 

Ostrea  normam'ana,  dVrb.     - 

— 

X 

X 

^ 

X 

„      vesicularis.  Lam, 

^ 

X 

— 

,  _ 

_i 

Spcmdylus  latus,  Sow,     -        -        -        - 

— 

— 

X 

— 

— 

„        spinosus,  Sow,    -        -        -        - 

X 

X 

X 

X 

X 

Trapezium  trapezoidalis,  Boemer,    - 

— 

— 

X 

X 

1 

BrcuJiiopoda, 

1 

Rhynchonella  Cuvieri,  d'Orb, 

X 

X 

— 

— 

i        __ 

„            plicatilis,   Sow, 

X 

X 

— 

~ 

— 

„            reedensis,  Eth, 

X 

— 

X 

— 

X 

Terebratula  abrupta  ?  Tate    - 

— 

— 

X 

X 

— 

„          carnea,  Sow,        -       -       - 

X 

— 

— 

X 

— 

,,          seiiiiglobosa,    Sow, 

X 

X 

X 

X 

X 

Terebratulina  striata,  Wahl,    • 

- 

- 

X 

- 

1   - 

*  See  Quart.  Journ.  OwA,  Sec,  Vol.  xliL  ji.  244. 
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Fossils  from  the  Chalk  Bock  Beds — conHwued, 


OifonUhire. 


HiU. 


Chinnor 
HIU. 


y^iifflrtngiiawiAtwi 


Bled- 
low. 


SItbo- 
ronillL 


ooniD6. 


Bryozoa. 

Diastopora  echioata,  d'Orb  (Berenicea).- 

„  grandis,  d^Orb.         „ 

Proboecina  ramoea,  Edw. 

Echinodermata. 

Cidaris  hirudo,  Sorig,  (spines). 
Echinocorys  scutatus,  Leske  - 
Holaster   planus,   Mant 
Micraster  Leskei  ?  Desm. 

„         praecursor,  Bowe    - 

Annelida. 

Serpula  ampullacea,  Sow. 
fluctuata,    Sow. 
granulata,   Sow. 
Uium,  Sow.        -       -       - 
plexus,  Sow. 


X 


X 
X 
X 

X 


»f 


»> 


1> 


Actinozoa. 


Caryophyllia  sp.       -       -       -       - 
Parasmilia  centralis,  Mant.     - 

Spongida. 

Coscinopora  infundibuliformis,  Goldf. 
Quettardia  stellata,  Mich. 
Placotrema  cretaceum,  Hinde  - 
Plocoscyphia  convolute,  T.  Smith  - 
Ventriculites  alcyonoides,  T.  Smith 

decurrens,  T.  Smith 
impressus,  T.  Smith  - 
radiatus,  Mani. 


X 
X 


X 
X 
X 
X 
X 


X 
X 
X 


X 
X 


X 
X 


» 


«« 


X 
X 

X 
X 


X 
X 


X 
X 
X 


X 
X 


X 


X 
X 


X 
X 


Zone  of  Micraster  cortestudinarium. 

This  zone  is  nowhere  well  exposed  along  the  course  of  the  escarp- 
ment ridge  either  in  Oxford  or  Bucks ;  but  in  the  valley  of  the 
Thames  there  seems  to  be  some  thickness  of  chalk,  exposed  in 
several  pits,  which  is  referable  to  this  zone. 

Part  of  this  zone  is  well  exposed  in  the  railway  cutting  west  of 
Pangbourn,  where  the  beds  are  bent  up  into  a  dight  anticlinal 
curve,  as  represented  in  Fig.  55,  and  the  suocession  noted  in 
1885  was  as  follows : — 
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8 

r 
« 

6 

4 
II 

S 


Ft,  in, 

10.  Chalk  with  some  flints 0  to  6    0 

9.  A  continuous  seam  of  flint   ------30 

8.  Chalk  vrithout  flints  4     0 

7.  Chalk  with  three  layers  of  flint  nodules    -       -       -      5     0 
6.  Chalk  with  a  few  flints 10     0 

3.  Yellow  rocky  chalk,  enclosing  some  flints-        -        -      09 

4.  Chalk  with  scattered  flints 40 

3.  Hard  yellowish  rocky  chalk 10 

2.  Rough  chalk  with  flint  nodules 2     0 

1.  Massive  homogeneous  chalk         -        -        -    seen  for       1     3 

30-35     0 


grtfrv  --^*->::ia»a«^,  ,.\frtML>i^*,T 


Fig.  55. — Sketch  in  the  Railway  Cutting  west  of  Pangbourn. 

The  fault  is  of  small  importance,  having  a  throw  of  about  2  feet. 
The  flints  are  black  inside,  with  a  very  thin  rind,  and  some  of 
them  are  cavernous.  Echinocorys  scutatu^  was  the  only  fossil 
seen. 

Prof.  Barrois  mentions  a  quarry  **  north  of  Pangbourn  "  which 
he  refers  to  the  zone  of  M,  (xrrteatudinarium,*  and  this  must  be 
the  exposure  at  Whitchurch,  north  of  the  village,  behind  the 
school  house  on  the  main  road ;  in  1885  it  showed  a  good 
vertical  face  of  chalk  with  many  layers  of  flints.  The  chalk  is  firm, 
but  not  hard  ;  the  flints  occur  in  layers,  or  courses,  4  to  6  inches 
thick,  full  of  flints  crowded  together,  and  these  courses  are  from 
2  to  3  feet  apart ;  there  are  also  some  scattered  nodules  between 
the  courses  and  some  thin  continuous  seams  of  flint. 

Prof.  Barrois  records  Micr,  cortestudiTUirium  and  Inoceramus 
Cuvieri  from  the  lower  part  of  the  pit,  and  says  there  is  a  bed  of 
hard  yellowish  nodular  chalk  about  20  feet  from  the  top.  Mr. 
H.  J.  Osborne  White  has  recently  visited  this  quarry  and  loimd  a 
few  fossils  in  a  band  from  5  to  7  feet  above  the  present  floor  of  tho 
pit ;  these  he  kindly  sent  to  me,  and  they  proved  to  be  Cidaris 
sceptrifera  (part  of  a  test),(7.  clavigetu  (spine),  with  some  remains 
of  sponges  in  flint  and  fragments  of  InoceramiiS'shell. 

Mr.  White  also  informs  me  that  there  are  two  other  quanies, 
one  about  half  a  mile,  the  other  a  mile  east  of  Whitchurch. 
The  first  of  these  (near  Rosedown  Farm)  is  probably  that  visited 
by  Prof.  Barrois  (see  op.  cit.),  and  from  which  he  obtained  the 
following  fossils : — 
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Inoceramus  involutUB.  j  Echinooorys  gibbus. 

99          CuvierL  |  Micraster  ooriestudinarium. 

Rhynchonella  plicatilis.  -              .  Starfish  remains. 

Cidaris  clavigera.  '  Porosphsera  globularis. 

As  already  mentioned,  the  base  of  the  Upper  Chalk  is  brought 
up  again  by  the  Henley  anticline,  and  there  is  an  old  quarry 
above  the  church  at  Remenham  which  seeifts  to  be  in  the  zone 
of  M,  cortestvdinarium.  Mr.  Osborne  White  informs  me  that 
it  is  about  25  feet  deep,  and  that  there  are  several  layers  of  hard 
ereyish  lumpy  chalk  from  5  to  15  feet  above  the  floor  of  the  pit. 
in  these  he  found  several  Micraster  prcecursor  (of  decidedly  low 
zonal  type,  with  feebly  inflated  interporiferous  areas),  Eckino- 
corya  giobus,  Sporidylus  spinosua,  Terebratula  aeTnialoboaa  and 
Fentrtcvlitea  quincunciaiw.  Flints  occur  as  "small  scattered 
nodules,  and  in  their  continuous  (or  tabular)  layers.  The  chalk 
above  is  soft  and  white. 

Further  east  near  Medmenham  there  are  two  quarries  which 
were  visited  by  Mr.  Hill  in  1899,  who  supplies  the  following 
particulars : — 

"  A  quarry  at  Medmenham,  north  of  the  church,  shows  some 
40  to  45  feet  of  chalk,  but  the  face  is  inaccessible  except  near  the 
base.  The  lower  10  feet  consisted  of  lumpy  chalk  of  irregular 
texture,  and  above  this  is  a  layer  of  large  flints  rather  widely 
separated.  The  next  20  feet  contained  many  scattered  flints  and 
one  prominent  flint-fleor.  The  highest  part  consists  of  massive 
chalk  with  large  rough  flints  in  irregular  layers. 

The  other  quarry,  IJ  mile  east  of   Medmenham,  showed  the 

following  section : — 

Ft.  in. 

Chalk  with  flints  (inaccessible) 20  0 

Two  continuous  seams  of  flint  with  chalk  between   -       -  0  6 
Firm  white  blocky  chalk,  without  flints,  Micraster  prcecursor, 

Echinocorys  scutatus,  Cidaris  sceptriferoj  and  many 

shell-fragments                36 

Firm  white  chalk  in  two  courses,  the  lower  contaming 

many  scattered  flints  and  shell-fragments    -       -       -  3  9 

Firm  blocky  chalk  with  few  flints 16 

Firm  chalk  with  scattered  flints,  Echinocorys  -        -        -  3  6 

Massive  creamy  white  chalk,  somewhat  lumpy  -        -        -  5  0 

Firm  white  chalk  with  a  few  scattered  flints     -                -  4  3 
Hard   rough   lumpy    chalk,    passing   down   into   softer 

white  chalk,  Echinocorys  scutattis 2  6 

Two  floors  or  seams  of  flint,  each  3  inches  thick,  with  18 

inches  of  chalk  between  them 2  0 

Irregular  lumpy  chalk       -       -       .       -       -    seen  for  4  0 

50    6 
The  flints  are  black,  with  thin  rinds,  and  the  two  seams  near  the 
base  thin  out,  the  one  toward  the  west  and  the  other  toward  the 
east,  so  that  the  one  seems  to  take  the  place  of  the  other. 
The  upper  part  of  this  succession  may  belong  to  the  zone  of  A/. 
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coranguinumt  but  the  fossils  found  were  not  sufficient  to  determine 
the  point ;  it  is  noticeable,  however,  that  the  upper  beds  are  full 
of  shell  fragments,  which  are  wanting  in  the  lower  20  feet. 

Another  quarry  which  appears  to  expose  the  upper  part  of  this 
zone  is  one  by  Marlow  waterworks,  north-west  of  the  town.  Of 
this  pit  I  have  only  a  l^rief  note  furnished  by  Mr.  Rhodes,  who 
was  instructed  to  collect  from  it  in  1888.  He  describes  it  as  about 
60  feet  deep,  the  upper  part  inaccessible,  but  showing  chalk  with 
layers  of  flints ;  from  the  lower  20  feet,  which  consists  of  greyish 
white  chalk  with  flints,  he  got  many  fossils,  including  Micrasters 
of  the  low-zonal  forms.    (See  list  at  end  of  chapter.) 

Zone  of  Micraster  coranguinum. 

The  only  noteworthy  exposure  of  this  zone  along  the  escarpment 
ridge  is  in  a  quarry  on  Watlington  Hill,  a  quarter  of  a  mile  south- 
west of  Portways,  at  a  height  of  750  feet,  and  consequently  about 
140  feet  above  the  base  of  the  Chalk  Rock  beds.  The  chalk  seen 
is  rather  hard,  and  contains  a  hard  yellowish  rocky  band ;  there 
are  many  flints,  both  scattered  and  in  layers,  and  most  of  them 
hollow,  enclosing  remains  of  sponges  (chiefly  Doryderma  ramosum) ; 
some  are  pink,  othera  grey  or  nearly  black. 

Along  the  valley  of  the  Thames  exposures  of  this  zone  are  much 
more  numerous,  and  the  following  account  has  been  drawn  up 
from  the  records  published  by  Professor  Barrois,*  supplemented  by 
notes  furnished  by  Mr.  W.  Hill  and  Mr.  J.  Rhodes. 

Being  unable  to  indicate  any  particular  bed  as  the  top  of  the  zone 
of  M.  cortestudinarium,  and  fossils  being  scarce  in  the  beds  which 
form  the  passage  from  it  to  the  zone  of  Af .  coranguinum,  we  cannot 
be  sure  about  the  zonal  horizon  of  some  exposures.  It  is  probable, 
however,  that  all  the  chalk  seen  in  the  numerous  quarries  along 
the  Oxford  side  of  the  river  from  near  Hardwick  House  to 
Shiplake  belongs  to  the  zone  of  ilf .  coranguinum. 

At  Mapledurham  and  at  Chase  Farm,  west  of  Cavershani,  there 
are  quarries  which  are  unquestionably  in  the  zone  of  M,  coran- 
guinum, the  chalk  being  soft  white,  with  few  perfect  fossils,  but 
many  fragments  of  large  Inoceramus  ;  the  flints  are  in  layers  from 
2  to  3  feet  apart,  and  some  of  them  are  with  a  cloudy  white  band, 
while  others  are  cavernous  and  contain  numerous  Bryozoan 
remains.    The  quarry  at  Chase  Farm  is  about  80  feet  deep. 

At  Caversham  is  another  large  quarry,  the  chalk  of  which  Prof. 
Barrois  referred  to  the  zone  of  Marsupites,  but  he  did  not  find  any 
plates  of  that  Echinoderm,  and  Mr.  HUl,  who  has  recently  visited  it, 
saw  no  reason  for  separating  this  chalk  from  that  of  Chase  Farm, 
its  general  aspect  being  the  same,  the  flints  nearly  as  numerous, 
and  no  layer  of  yellow  nodules  nor  any  other  special  feature  being 
visible  in  either  quarry.     Prof.  Barrois  describes  the  chalk  of  the 
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Caversham  quarry  as  "  white  and  soft,  with  layers  of  flints  from 
3  to  6  feet  apart.  These  flints  are  black,  with  a  thin  white  skin ; 
some  are  cavernous,  others  in  tabular  layers;  their  shape  is 
irregular,  generally  flattened  in  the  direction  of  the  stratifica- 
tion."   He  found  the  following  fossils  :— 

Inoceramus  (rare).  Cidaris  clavigera. 

Lima  Hoperi.  „     hirudo. 

SpondyluB.  Micraster  corangninum. 

Rhynchonella  plicatilis.  Bourgueticrinus  ellipticus. 

Terebratulina  striata.  Porosphsera  globiilaris. 

Serpula  graniilata. 

It  will  be  observed  that  there  is  nothing  here  specially  character- 
istic of  the  higher  zone . 

There  are  several  pits  between  Caversham  and  Shiplake,  and  Mr. 
Hill  reports  them  all  to  be  in  chalk  with  many  layers  of  flints, 
with  very  few  fossils,  and  without  special  features.  He  refers  them 
all  to  the  zone  of  M.  corangmnv/m. 

South-east  of  Wargrave,  in  Berkshire,  is  a  large  quarry,  60  feet 
deep,  in  similar  chalk,  and  the  same  chalk  can  be  seen  at  several 
places  on  the  river  slope  between  Wargrave  and  Park  Place. 

As  already  stated,  an  anticlinal  flexure  brings  up  lower  beds 
near  Henley,  and  for  some  distance  to  the  westward  on  the  north 
side  of  the  valley,  but  the  zone  of  M.  coranguinum  is  exposed  at 
several  places  on  the  southern  side. 

There  is  a  large  quarry  by  the  main  road,  about  a  mile  south  of 
Remenham,  which  was  seen  by  Mr.  Hill  in  1899,  but  he  found 
a  vertical  and  inaccessible  face  of  chalk,  apparently  of  similar 
homogeneous  character  throughout,  with  many  layers  of  flints, 
which  are  of  a  dark  greyish  black  inside. 

A  small  quarry  half  a  mile  south-east  of  Bisham  Abbey  shows 
chalk  with  many  flints,  most  of  which  are  cavernous  and  contain 
sponge  remains  (chiefly  Doryderma  raTnosum).  A  Uttle  south  of 
this,  by  Bisham  Wood,  and  at  a  much  higher  level,  is  a  large  quarry 
which  was  visited  by  Mr.  Rhodes  in  1880 ;  he  reported  that  it 
showed  about  60  feet  of  chalk  with  layers  of  black  flint  nodules, 
and  that  fossils  were  fairly  abundant,  Ostrea  acutirostris  occurring 
in  a  layer  about  4  feet  from  the  base  of  the  pit  associated  with 
fragments  of  a  large  Inocerafwus. 

Further  south,  at  Pinkneys,  and  again  at  littlewick  Green,  are 

other  quarries  from  30  to  50  feet  deep ;   Mr.  Rhodes  obtained  a 

fair  number  of  fossils  from  these,  and  reported  the  layers  of  flints 

to  be  numerous,  and  the  flints  to  be  greyish-black  inside.     The 

fossils  included : 

Cidaris  hirudo.  Rhynchonella  reedensis? 

„       perornata.  Terebratula  semiglobosa. 

„       sceptrifera.  Pecten  cretosus. 
Galerites  albogalerus.  „      (Neithea)  quinquecostata. 

Micraster  coranguinum.  Inoceramus  Cuvieri? 

Bourgueticrinus  sp.  Ostrea  acutirostris. 

Serpula  plana.  Lima  sp. 
turbinella. 
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The  Taplow  Chalk. 


In  1889  Mr.  J.  Rhodes,  while  collecting  fossils  near  Maidenhead, 
discovered  a  quarry  by  the  lodge  of  Taplow  Court  which  exhibited 
a  remarkable  section,  and  from  which  he  obtained  many  specimens 
oiActinocamax  gra/nulatvs.  This  quarry  was  subsequently  visited 
by  Mr.  A.  Strahan,  who  described  it  and  the  phosphatic  chalk 
found  there  in  some  detail.*  From  this  description  the  foUowing 
account  is  taken,  but  the  bracketing  of  the  beds  in  the  section  is 
my  own : — 

Section  in  Quarry  at  Taplow, 

Ft  in. 
/Soft  white  chalk,  passing  down  into  next         -      12     0 
Brown  chalk  with   Ostrea  acutirostris,  Actino- 

camax  granulatu^,  Echinocory$  scutaiuSy  and 

Cidaris  sceptrifera  -       -       -       -       -      8    0 

White  chalk  traversed  by  numerous  tubes  and 
'  cavities  filled  with  brown  chalk ;  a  hard  and 

blocky  top,   forming  a  marked  floor  to  the 

brown  chalk  above 30 

White  chalk,  mostly  inaccessible,  and  not  examined 

in  detail 14 

White  chalk  with  scattered  brown  grains  -       -      2 

Brown  chalk 4 

•  Hard  crystalline  chalk  with  nodular  structure 

and  greemsh  markings    -       -       -       about       1     0 
White  chalk  (hard  at  the  topi  and  piped  with 

brown  chalk  as  above     -  -       -       -       1  10 

A  [thin]  sandy  brown  layer-       -       -       -       -      0    Oj 
White  chalk,  piped  with  brown  chalk     -       -      2    6 
White  chalk  to  the  bottom  of  the  pit,  the  first 

flints  occurring  12  feet  below  the  lower  band 

of    brown   chalk,  Galeriten  albogaierus 


I 


0 
6 
0 


^1 


The  beds  dip  at  4  or  5  degrees,  about  £.  10  S. 


15     0 


About    64     0 


A  shaft  subsequently  sunk  in  the  hillside  above  the  pit  gives 
the  exact  depth  of  the  phosphatic  chalk  below  the  base  of  the 
Tertiary  strata.  The  following  were  the  measurements  of  the 
beds  traversed  by  this  shaft  :— 

Feet 

Heading  relay     -       -  7 

Beds.    (Greenaand  with  green-coated  flints    -       -       -       "    2J 

r  White    chalk 18 

Brownish    white   chalk 2 

Upper  I  Brown  chalk  (upper  phosphatic  band)     -       -       -  11 

Chalk.  \  Hard   white  chalk      -       -       -       -       -       -       -  12 

Soft  brown  chalk  (lower  phosphatic  band)  -      -       -    4 
.Very  hard  white  chalk- 


66i 


*  Quart.  Journ.  Qed.  Soc.,  VoL  xlvii.  p.  356  (1891). 
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Mr.  Strahan  observes :—"  Both  the  [brownl  bands  owe  their 
colour  to  a  multitude  of  brown  grains,  bud  pass  up  gradually  into  a 
rock  less  rich  in  brown  grains  and  of  a  pale  brown  or  greyish 
tinge.  The  chalk  is  irregularly  bedded,  perhaps  current  bedded, 
and  traversed  by  irregular  joints  so  as  to  break  up  readily  into 
blocks,  which  crumble  into  a  rounded  form  and  finally  into  powder. 
Its  friability  forms  a  marked  feature  and  is  due  to  the  softness 
of  the  white  chalky  paste  in  which  the  brown  grains  are  embedded. 
Under  the  microscope  these  grains  are  seen  to  be  almost  entirely 
of  organic  origin,  foraminifera,  prisms  of  Inoceramus  shells,  and 
small  oval  pellets  forming  the  bulk 

"  Below  both  bands  of  brown  chalk  there  occur  sofne  few  feet 

of  white  chalk  traversed  by  cavities  and  tubes  of  all  shapes  and 
sizes  up  to  an  inch  in  diameter  and  filled  with  brown  chalk.  The 
top  of  this  piped  chalk  is  in  both  cases  hard,  crystalline,  and  of 
a  nodular  structure,  so  as  to  form  a  clearly  marked  floor  to  the  soft 
brown  chalk." 

Fos^  are  very  scarce  in  the  lower  part  of  the  section,  but  Mr. 
Rhodes  obtained  Galerites  albogalerus  near  the  bottom.  As 
no  plates  of  Marsupitea  were  found,  it  is  doubtful  whether  any 
part  of  the  section  is  referable  to  the  zone  of  MarsupUes,  and  it 
certainly  cannot  belong  to  the  zone  of  Act,  quadratus. 

The  dip  being  to  the  south  of  east,  lower  beds  occur  to  the  north 
wards,  and  Mr.  Strahan  found  that  "  a  great  thickness  of  flinty 
chalk  has  been  laid  bare  in  the  Root-House  Pit,  and  almost  certainly 
lies  at  a  lower  horizon  than  the  phosphatic  chalk.  The  lower  part 
of  the  northern  end  of  the  pit  exposes  a  nodular  band  resembling 
Chalk  Rock.''  Chalk  has  been  dug  below  the  gravel  about  300 
yards  east  of  Taplow  Station,  and  this  is  also  chalk  with  many  flints, 
belonging  to  the  M.  caranguinum  zone. 

North  of  Burnham,  and  about  two  milea north-east  of  the  Lodge 
Pit,  is  a  quarry  exposing  the  junction  of  the  Chalk  and  Eocene. 
Mr.  Strahan  says  of  this  :  "  A  thickness  of  about  8  feet  of  chalk 
is  exposed,  but  none  of  the  rock  possesses  the  characters  of  the 
phosphatic  chalk  of  Taplow.  It  contains  but  one  layer  of  flints 
near  the  top,  but  a  pale  greenish  layer  [is  seen]  about  5  feet  down." 

He  did  not  succeed  in  finding  any  other  outcrop  of  the  phosphatic 
chalk,  but  concluded  that  it  underlies  the  greater  part,  if  not  all, 
of  the  outlier  of  Tertiary  strata  on  which  Taplow  stands.  He 
thinks,  however,  that  it  is  strictly  of  local  occurrence. 
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Fossils  from  the  Upper  Chalk  in  the  Thames  Valley. 

The  following  is  a  list  of  the  fossils  obtained  chiefly  by  Mr.  J. 
Rhodes  from  pits  on  lx)th  sides  of  the  River  Thames  between  Whit- 
church andTaplow.  It  is  now  thought  that  most  of  the  exposures 
are  in  the  zone  of  Micr,  coro/nguinum,  but  the  quarries  near 
Whitchurch  and  Marlow  yielded  the  list  given  in  the  first  column  :— 


Zone  of  M.  Zone  of  M. 

rwi         1 

„ 

cortestu- 

coran- 

TaploAV 

\ 

dinarium. 

guinum. 

• 

Obalk. 

Fish. 

m 

Cimolichthys  lewesiensis,    f^idy 

-^ 

X 

— 

Fish  remains 

m 

X 

—  ^ 

Cephalopoda. 

Actinocamax  granulatus,  ^^inv. 

- 

— 

X 

„           sp.  (?  varus)  -       -       -        - 

^>            « 

•X 

— 

Scaphites  sp. 

X 

— 

— 

Lamellibranchiata. 

Inoceramus  Brongniarti,  Sow. 

— 

X 

— 

„          Cuvieril  Sow. 

X 

— 

— 

„         involutus,  Soiv. 

X 

X    ? 

— 

Lima  Hoperi,  Sow. 

— 

X 

— 

Ostrea  acutirostris,  Nilss. 

_ 

X 

X 

„      normaniana,    dVrb. 

— 

X 

- 

„      sp.                           '.."'■ 

X 

X 

- 

Pecten  cretosus,  Defr.  (— Nitidus,  Mant.) 

— 

X 

— 

„      (Neithea)    quinquecostatus,  Sow. 

— 

X 

— 

Spondvlus  spinoflus,  Sow.  -       -        -       - 

X 

— 

- 

„           sp.    -        -       - 

— 

X 

— 

Brachiopoda. 

Crania  egnabergcnsia,  Rciz. 

— 

X 

- 

„      parisiensis,  Defr.    -        -        -        - 

— 

X 

Kingena  liuia,  Defr.          ►                . 

— 

X 

— 

Rhynchonella  reedensis,  Eth,    - 

— 

X 

— 

„             plicatilis,  Smv.     - 

X 

X 

— 

Terebratula  semiglobosa,  Sow. 

X 

X 

— 

Terebratulina  striata,  VfoM.     - 

— 

X 

^ 

Bryozoa. 

Diastopora  sp.    •       -               -       -       - 

— 

X 

- 

Entalophora  sp. 

— 

X 

— 

Escharina  sp.     -               .        -        .       . 

— 

X 

— 

Idmonea  sp.              

.. 

X 

— 

Membranipora  arborea,  d'Orh. 

— 

X 

*- 

„             normaniana,  d'Orh.   - 

— 

X 

- 

„              sp.      -        -        - 

— 

X 

— 

Proboscina  angustata,  d'Orh.    - 

X 

— 

— 

ramosa?    Edw. 

X 

— 

— 
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ZoneofM. 
c(»rte8tu- 
dinarium. 

ZoneofM. 

coran- 

guinum. 

Taplow 
Chalk. 

I 

Annelida. 

Serpula  ilium,  Goldf.        -       -       . 

- 

X 

- 

„       granulata.  Sow.  .- 

• 

X 

— 

„       plana,  Woodw.     -       -       -       - 

- 

x 

- 

„       plexus,  Sow.         -       -       -       - 

- 

X 

— 

„       turbinella.  Sow.    -       -       -       - 

— 

X 

— 

Terebella  lewesieoBis,  Davies 

— 

X 

— 

Echinodermata.        ^ 

Bourguetieriniis  sp.  --!--- 

- 

X 

• 

Cidaris  claivigera,  Mant.    -       ^        ■        - 

X 

X 

. 

„      hirudo,  Sorig.       -        -       -       - 

— 

X 

-. 

„      perornata,  Forbes 

> 

X 

« 

„      sceptrifera,  Mant. 

X 

X 

X 

„      subvesiculosa,  d'Orb,     - 

— 

x 

• 

Cyphosoma  sp.  -       •       - 

— 

X 

.. 

Echinocorys  scutatus,  Leske 

z 

X 

X 

Qalerites  albogalerus,        .... 

— 

X 

^ 

Holaster  sp.       -       -       -       •               - 

— 

' 

. 

Micraster  corangiiinam>  Leske  -      •       • 

.- 

X 

^ 

„        cortestudinarium,  Goldf.  • 

X 

X 

— 

„         prfDCursor,  Bowe 

X 

X 

Spongida, 

(^oscinopora  ijifuncUbuliforims,  Goldf. 

X 

-. 

_ 

Doryderma  ramosum,  Mant.    -       -       - 

— 

X 

.. 

Quettardia  stellata,  Mich. 

X 

X 

. 

Plocoscyphia  convoluta,  T.  Smith  - 

X 

— 

• 

Porosphsera  urceolata,  Phil.     - 

— 

X 

.. 

„          globularis,  Phil. 

X 

X 

. 

Thamnospongia  sp.       1    - 

— 

X 

^ 

Ventriculites  impressus,  T,  Smith  - 

X 

— 

.» 

„            mamraillaris,  T.  Smith 

X 

^ 

^^ 

.,            radiatus,  Mant. 

X 

- 

— 

n            sp- 

1 

X 

" 

"" 
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CHAPTER  XVn. 

THE  UPPER  CHALK    IN  BEDFORDSHIRE,  HERTFORD- 
SHIRE, AND  MIDDLESEX. 

General  Remarks. 

No  great  thickness  of  Upper  Chalk  comes  to  the  surface  in 
these  counties,  and  along  the  main  escarpment  the  exposures  are 
chiefly  in  the  lowest  beds  (Chalk  Rock,  etc.).  Chalk,  however, 
is  exposed  along  many  of  the  valleys  which  open  to  the  eastward 
and  south-eastward,  and  in  some  of  these  inlying  tracts  large 
quarries  have  been  opened,  especially  in  parts  of  Hertfordshire  and 
Middlesex. 

There  are  three  deep  borings  in  Hertfordshire  which  give  us 
some  information  regarding  the  thickness  of  the  Upper  Chalk 
below  the  Eocene  to  the  eastward.  The  first  of  these  is  at 
Bushey,*  and  specimens  from  several  horizons  in  this  boring  were 
examined  by  Mr.  Hill,  who  found  that  the  sample  registered  as 
coming  from  161  to  169  feet  down  was  unmistakably  Chalk  Rock. 
As  the  site  of  the  boring  is  in  the  valley  below  the  Eocene  boimdary 
the  total  thickness  of  Upper  Chalk  below  Watford  is  probably 
about  190  feet. 

In  the  boring  at  Cheshunt  the  position  of  the  Chalk  Rock  has 
not  been  determined  from  specimens,  but  a  rock  described  as 
"  chalk  rock  "  was  found  at  a  depth  of  363  feet,  and  is  stated  to  be 
15  feet  thick ;  the  base  of  the  Eocene  is  at  102J,  and  thus  there 
may  be  275  feet  of  Upper  Chalk  below  Cheshunt.f 

The  third  boring  was  at  Ware,{  and  here  again  no  sample  of 
Chalk  Rock  could  be  recognised  among  the  specimens  examined, 
but  one  from  211  feet  down  was  "  a  good  specimen  of  Middle 
Chalk  "  ;  it  is  therefore  surmised  that  there  must  be  about  180 
feet  of  Upper  Chalk  below  the  alluvium  of  the  river  at  Ware. 

Stratigraphical  Details. 

Chalk  Bock  Beds  (zmie  of  Holaater  planus). 

Near  Tring  there  are  no  good  ex}X)sures  of  this  zone ;  its  base 
is  exposed  at  the  Chiltern  Waterworks,  two  miles  south-west  of 
Tring,   and    in    1884    a    small    hole    had    been  dug    in    the 

*  See  (Geology  of  London  by  W.  Whitaker,  Mem.  Geol.  Survey,  Vol.  ii. 
p.  48(1889). 
t  See  Quart.  Journ.  Geol.  Soc..  Vol.  1.  p.  508  (1894). 
jOp.  ct«.  p.  501. 
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wood  close  by,  showing  2  or  3  feet  of  very  hard,  compact  limestone, 
with  some  green-coated  nodules. 

It  is  also  traversed  in  the  shafts  leading  down  to  the  bell  pits  at 
Hastoe  and  Northchurch  brickyards,  south  of  Tring,  the  hardest 
bed  being  in  each  case  about  li  feet  thick,  and  known  locally  as 
"hurlock." 

When  the  road  was  made  which  leads  up  the  hill  north-east  of 
Berkhamsted  Station,  three  separate  beds  of  Chalk  Bock  were 
exposed,  and  were  seen  by  Mr.  Whitaker  in  1863.* 

The  best  section  of  the  rock  beds  between  Tring  and  Dunstable 
is  in  a  quarr}^  and  the  adjacent  road-cutting  on  Pratt's  Hill,  east  of 
Dagnal.  Combining  the  two  exposures  they  give  the  following 
succession  :— 

Feet. 

Soil  and  chalk  rubble 2 

Very  hard  compact  yellowish  limestone       -        -       1 
pii,   I  Loose  nodular  chalk,  consisting  of  hard  lumps  in 


Rock 
Beds 


a  very  soft  matrix 8 

Soft  dull  white  pulverulent  chalk   -        -        -     4  or  5 


Hard  chalk-rock  with  a  layer  of  green-coated 

nodules  at  top •      li 

Hard  nodular  chalk  with  a  few  finger-shaped  flints   -       -      2 

It  will  be  seen  that  the  thickness  of  the  H.  planus  aone  here  is 
about  15  feet.    The  nodular  chalk  contains  many  fossils,  and  the 
following  were  found  :—Solariella  gemmata,  Spondylus  spinosus, 
RkynchoTidla   plicatUis,  Mieraater  Leakeiy  Echinocorys  scutatvs. 
Ventriculites  impressus,  and  Gamerospongia  campanulata. 

A  pit  near  the  top  of  the  hill  east  of  Valenciennes  Farm,  south 
of  Dunstable,  formerly  exposed  a  good  section  through  the  Chalk 
Bock,  but  it  is  now  talused  and  obscured.    The  following  is  con- 
densed from  Mr.  Whitaker's  account  of  it.f 

Feet. 
Chalk   with   nodvdar   flints  above,   and   three  continuous 

seams  of  flint  at  the  base      -  .        -        .         about       7 

Chalk-rock  in  three  beds,  with  white  chalk  between 
them  -        -        -        -        -        -        -       -        -    „         10 

Hard  chalk  passing  down  into  softer  chalk  -        -        -        -       3 

On  Five  Knoll  Hill,  south-west  of  Dunstable,  there  is  a  series 
of  excavations  from  which  the  rock  has  been  quarried  for  road 
material,  and  from  these  pits  Mr.  J.  Rhodes  obtained  many  fossils 
(see  list  on  p.  228). 

In  the  valley  of  the  Ver  the  rock-beds  are  exposed  in  several  of 
the  road-cuttings  on  the  slopes,  especially  near  Ailey  Green  and 
Markgate  Street,  and  some  fossils  may  be  obtained. 

The  next  good  section  of  these  beds  is  in  the  cutting  on  the 
Midland  Railway  south  of  Luton,  and  half  a  mile  north  of  Chiltern 
Green  Station.    For  the  following  account  of  this  section  I  am 

*  See  Mem.  Geol.  Survey,  Vol.  iv.  p.  49  (187:2). 
t  Mem.  Geol.  Survey  Vol.  iv.  p.  50  (1872). 
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indebted  to  Mr.  J.  Saunders,  of  Luton,  who  took  careful  meaauro- 

ments  of  it  in  1894. 

Feet. 

Soft  white  chalk  with  many  flints     -       -       -       -       -  24 
Hard    compact    cream-coloured    chalk-rock    with 

green-coated    nodules  2 

Qj  g  .  Lumpy  greyish-white  chalk,  with  a  few  scattered 
g'g^^     flints,  many  Micrasters        -        -        -        about     11 
Hard    compact    cream-coloured    chalk  rock    with 
green  grains  and  green-coated  nodules      -       -      2 
^   .  /-White  cludk,  lumpy  at  the  tojy  but  most  of  it  in 
^^  j     thick  massive  beds,  with  scattered  flints     -       -    25 
^  ^  I  Thin  seam  of   buff-coloiu'ed  marl ;  less  than      •   ^    i 
*         SO  l]!^a8sive  blocky  chalk     -       -       -       -    seen  for       IJ 

72 

Many  fossils  have  been  found  in  the  zone  of  H.  planus  at  this 
locality,  and  a  list  will  be  found  at  the  end  of  this  chapter.  It  will 
be  noticed  that  the  thickness  of  the  zone  is  here  again  15  feet. 

From  the  valley  of  the  Lea  the  outcrop  of  the  zone  passes  north- 
ward to  the  high  ridge  known  as  Warden  Hill,  and  thence  eastward 
into  the  valley  known  as  Lilley  Bottom.  Out  of  this  valley  it  runs 
northward  again  to  Great  OflBey,  and  thence  eastward  to  Offley 
Holes  and  Preston. 

The  lower  beds  of  the  rock,  for  about  four  feet  in  depth,  are 
exposed  in  a  small  excavation  by  the  roadside  half  a  mile  north-east 
of  Preston,  and  from 'this  many  fossils  have  been  obtained  by  Mr. 
W.  Hill  and  myself.  The  upper  part  of  the  rock  was  exposed  in 
an  old  quarry  near  Temple  Dinsley  House,  and  the  zone  here- 
abouts appears  to  consist  of  two  bands  of  Chalk  Rock,  each  about 
5  feet  thick,  separated  by  a  band  of  lumpy  chalk,  the  whole 
probably  from  16  to  18  feet. 

Thence  the  outcrop  of  the  rock  has  been  traced  to  Hill  End 
Farm,  and  Alrashoe  Bury.  Between  this  and  Stevenage  the  Chalk 
Hock  is  concealed  by  drift,  but  it  emerges  to  the  north-east  near 
Chisfield,  and  can  be  traced  continuously  along  the  escarpment 
to  Clothall,  WalUngton,  and  the  country  south  of  Royston.  The 
rock-beds  are  well  exposed  in  two  quarries  near  Clothall,  one  north- 
east of,  and  the  other  half  a  mile  west-south-west  of,  the  church  ; 
the  latter  is  the  deeper,  and  shows  the  following  section  :— 

Ft.  in. 

Clay  soil  and  flints      -  -       --        -        -        -10 

Hard  chalk  with  many  flints  of  various  sizes  and  shapes  -    4  0 
^    .  rHard  nodvdar  chalk,  rough,  lumpy,  and  cream- 
's-t^  I     coloured,  with   many  fossils       -       -       -       -    5  0 

O  M  1  irregular  layer  of  soft  dusty  yellowish  chalk  -       -    0  9 

^  Chalk  consisting  of  hard  lumps  in  a  softer  matrix-    4  6 

The  upper  five  feet  of  the  rocky  chalk  contain  a  few  scattered 
flints  and  small  pieces  of  light  brown  phosphate. 

The  Chalk  Bock  has  also  been  quarried  in  a  pit  about  a  third 
of  a  mile  north-west  of  Wallingtoi^  church,  which  must  originally 
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have  shown  the  base  of  the  rock,  but  when  I  saw  it  in  1884  this  was 
concealed  by  talus.  Subsequently,  however,  Mr.  Hill  made  a 
trench  through  this  talus,  and  exposed  the  base  of  the  rock  at  a 
depth  of  about  16  feet  from  the  top  of  the  pit.  When  clear,  there- 
fore, this  section  showed  :— 

FeeU 
Nodular  chalk,  much  weathered,  the  soft  chalk  between  the 
hard  lumps  crumbling  into  yellowish  cbalk  dust.  Scattered 
flints.    M  icraster J  Holcuter  planus,  &C.     -  _  -       -       -10 
Similar  chalk  (now  concealed   by  talus)      -       -       -       -    3     ~ 

Hard  yellowish  rock,  with  a  few  green-coated  nodules,  much 
jointed  and  broken  up       -------3 

Soft  white  marly  chalk  with  a  few  flints,  the  lower  part  con- 
cealed by  talus  (zone  of  Terebratulina)       .       -       .       .    g 

The  flints  in  the  nodular  chalk  are  of  the  carious  or  cavernous 
type,  very  rough  outside,  and  full  of  cylindrical  holes,  which 
doubtless  once  contained  the  remains  of  sponges.  Nodular  chalk 
like  the  above  is  also  exposed  in  a  small^  pit  near  Boe  Green. 

East  of  the  main  outcrop  the  Chalk  Rock  borders  the  inlying 
tract  of  Middle  Chalk  by  Westpn,  Cromer,  and  Walkern,  in  valleys 
which  drain  into  the  River  Bean.  It  was  formerly  quarried  in  a 
pit  half  a  mile  east  of  Weston,  where  in  1884 1  saw  4  feet  of  nodular 
chalk  overlying  a  foot  of  very  hard  compact  rock  with  a  layer  of 
green-coated  nodules  at  top,  but  passing  down  into  tough  nodular 
chalk  with  some  scattered  flints.  The  rock  contained  Inoceram/aa 
8triatu8,  Rhynchonella  reedensis,  Terebratvla  camea,  Micraster 
Leskei  and  Plinthosella  squamosa  (identified  by  Dr.  Hinde). 

It  will  be  noticed  that  the  thickness  and  aspect  of  the  rock)^ 
beds  forming  the  zone  of  H,  planus  in  these  counties  vary  very 
considerably. 

List  of  Fossils  fhom  the  Chalk-Rock  Beds  in  Bedfordshirk 

AND  Hertfordshire. 

A  considerable  number  of  fossils  have  been  obtained  from  some 
of  the  localities  where  these  beds  are  exposed,  as  the  following  lists 
will  testify.  That  from  Boxmoor  is  taken  from  "  The  Geology 
of  London  "  (Mem.  Geol.  Survey,  1889,  pp.  73-74),  but  the  nomen- 
clature has  been  revised  in  accordance  with  the  identifications  of 
Mr,  H.  Woods  (see  Quart.  Joum.  Geol.  Soc,  Vol.  hi.  p.  68,  and 
Vol.  hii.  p.  377). 

The  Ust  of  column  2  is  based  on  a  collection  made  by  Mr.  Rhodes 
from  the  pits  on  Five  Knoll  Hill,  near  Dunstable,  supplemented 
by  smaller  collections  made  by  Mr.  -Whitaker  and  myself  at 
at  Markgate  Street  and  Ailey  Green. 

The  third  column  is  based  on  collections  from  the  railway 
cutting  south  of  Luton,  made  by  Mr.  Rhodes,  Dr.  Morison,  and 
Mr.  J.  Saunders.  Nearly  all  the  moUusca  in  these  collections  were 
seen  and  identified  by  Mr.  Woods ;    most  of   the   other  fossils 
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were  named  by  Meeare.  Sbannan  and  Newton,  but  the  Oetraeoda 
were  identified  by  Prof.  Rupert  Jones  and  all  the  apongea  in 
Mr.  Saunders'  collection  were  named  by  Dr.  G.  J.  Hinde. 

The  fourth  column  tB  a  list  of  the  species  obtained  by  Hr.  Hill 
and  myself  from  the  expoeurea  at  Preston,  near  Hitchin,  and  they 
hare  also  been  examined  by  Mr.  Woods. 

The  remaining  columns  catalogue  the  species  found  by  Mr.  Hill 
and  myself  at  locahtiea  south-east  of  Hitchin.       ^ 


- 

1 

1 

1 

1 

J 

1 

1 

Piiea. 
Corai  falcatus,  Ag. 
Oiyrhina  Mantelli,  Ag. 
Ptychodus  tnammilUria,  Ag. 
„          latisaimuB,  Ag. 
Vertebmoffish     -       - 

Cephalopoda. 
Ammomtos  [Prionocyclus]  N 

„          [Pachydiscua]  pe 
Baculitea  bohemicua,  Frilxk 
Criocerai  ellipticum,  Mant. 
Heterooeraa  reussiaQum,  d'Oi 

It           »P- 
Scaphites  OeinJta,  d'Orb. 
Plychoceras  Sniithi,  Woods 
Nautilus  sublierigatus,  d'Or 

Gatteropoda. 

Aporrhaia  Mantelli.  Gard. 

Avellana  cf  Humboldti.  Mu. 

Cerithium  cuckhamslienBo, 
Saundersi,    IVood 

Dentalium   tiironieoBe,   d'Or 

Emarginula  Sancts&<:atharin 

Pleurotomaria  depreaaa,  Sou 
perapectiva,    } 
ThomsonnTo 

Trochua  Schluteri.  Woodi 

Fu8ii3  Bp.  (cast.)    ■ 

Solariella  gcmmata.  Sow. 

Turbo  Geinitzi,   Vioodt 

Area  Gailieimei.  d'Orb.  ■ 

eptiini,  Gt 
amplua. 

r*.     - 

6.      - 

lUr  '■ 
Vood^ 

1.      '■ 
x,P(Uiy 

tfanf. 
(e     - 

ianl. 

1 

1 
1 
1 

4 
2 

a 

2 
2 

2 

2 
2 
2 

2 

2 
2 

2 
2 
2 

3 
3 
3 
3 

3 
3 
3 
3 
3 
5 
3 

3 

3 
3 
3 

3 
3 
3 
3 
5 
3 

a 

3 

3 

3 
3 
3 
3 
3 
3 
3 

4 

4 

4 

4 

4 
4 

4 
4 

4 

4 

4 

4 

4 

4 
4 

5 
.■> 

5 

a 

5 
5 

6 

_ 
A 

e 
e 

6 
6 

6 
6 

a 

6 

7 

Cardita  canwUata,  Wood* 
Cypriim  quadrata,  d'Orb. 
Inoceramua  Ctivieri.  Saw. 
II          striatus  ISaa. 
8p.  (email)  - 
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- 

1 

1 

is 

i 

i 

1 

1 

1 

^ 

Lima  graooaa.  Sow.       -                .        .        . 

„     Hoperi,  Sow. 

Modiota  Cottae,  Roem.  (see  Septlfer  lineatua)- 

1 

2 
2 

3 
A 
3 
3 

3 
3 
3 

3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 

3 
3 
3 

3 

3 

3 

4 

4 

4 

4 
4 
4 
4 
4 

a 

5 
5 

5 

5 
5 

5 

a 

a 

6 
6 

6 

6 
6 
6 
6 
6 

: 

Ostrea  normanb  na,  d'Orft.     -        -        -        - 
„     vesicuUria,  Lam.        ...        - 

1 

- 

Plicatula   Barroiai,   PeTon     -        -        •        - 

Septifer  lineatua.  Sow. 

Spoadylus  latua,  Sow. 

„      apino9U3,  Sots. 

Trapezium  trapezoJdalis,  Itoemtr    -        -       - 

Brachiopoda. 
Crania  egnabergenaia.  HeU.   -        -        -        - 

Kingeoa  lima,  Defr. 

Rhynchonella  Cuvieri,  d'Orb.        ■        -        - 

„             plicatilis,  Sow.        -       -        - 

reedensia.  EA.       ■        -        • 

Terebratula  carnea.  Sow.      -        ■        ■        . 

Bemiglobosa,  Sow.       - 
TerebratuUna  fltriata,  V/ahl.  -       -       -       - 

Bryozoa. 

Biflustra  carantina,  d'Orb.    •        ■        •        ■ 

Cdlarifl  inaqualiB,  d'Orb.      .        .        -        - 

Entaiophora  variegate,  d'Orh.  (  =  virgula)  - 

linearU?  d'Orb.   (=echinata)    - 

„               Bp. 

Escbara  royana,  d'Orb. 

Eschariaella  baculina,  d'Orb.        ■        ■       ■ 

Crustacea. 
Poilicipea  glaber,  Roemer        .        .        -       - 

Crustacean  claw 

Bairdia  subdeltoidea,  Mamt. 

,.       barrisiana,  Jonea       .... 
BythocypriB  Brownei,  Jontt  .        .        -        - 
„           Tosmeriana,  Jonet       -        .        . 
„           eilicula,  Jtmtt    .        .        ,        - 
Cythere  haniaiana,  yi>ne»       .        .        .        . 
(^hereia  auriculata.  Com.   -        -        -        - 
„        lonsdaleana,  Jmut 
„        ornatis'iima,  Reiut 
„        quadrilatora,  Roem. 
„        spinicaudata,  Jontt 
„        triplicata,  Roem.    -        ■        ■        - 
„        tuberosa,  JoTiei      -        .        .        - 
Cytheridea  perforata,  Roem.  -        -        -        - 
Cytherella  ovata,  Roem.         -        -        -        - 

1 
1 

1 
1 
1 

- 

2 
2 

2 

2 
2 
2 

2 
2 

2 
S 
S 

i 

8 

s 
s 

3 
2 

s 

2 
2 
8 
S 

7 

7 
7 
7' 
7 
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- 

1 

h 

1 

1 

1 

1 

1 

Cytherella  muenateriaiia,  Eoem.    - 

wUlUmsonUnE,  J-(m«  -        ■        - 

Cytheropteron  alatum,  Botguet 

„             coitcentricum,  Haiti. 
„             pedatum,  Mara.     - 
„             Hphenoidea,  Seuii.  ■ 

Macrocyprb  conciuna,  Jones  -        -        -        . 

Annelida. 
Serpula  fluctuata,  Sou.        -        -        -        - 
„       granulata,  Sow.        .... 

„       Lium,  Sow. 

p\txua,Sow. 

Bourgueticrinua    sp.      - 

Cidaria  (plate  and  spine)        -        -       -        - 

CyphcMoma  coroUarc,    Klein         ... 

radiatum,  Sarig.       - 
EchinocoryB  scutatua,    Lexte 
Ootiiiialcr  ap.  (ossicle) 

1 

1 

2 
3 
2 
S 
S 
3 

S 
2 

3 

3 
3 
3 
3 

3 
3 

S 
3 
3 
3 

3 
3 
3 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 

4 

4 

4 

4 

4 

4 
4 

5 

5 

5 

5 

6 

6 

6 
6 
S 

7 

7 
7 
7 
7 

7 
7 

Micraster  corbovis,  Forbes     -        -        .        . 

„        Leskei,   Desm.         .... 

„        prsecuraor,    Roiot  -        ■        ■        ■ 
Pentacrinua  Agaaaizi  Hag.    -        -        -        . 

Aclinoioa. 
Paraamilia  ceatralifl,  jUon(.    -        .        .        . 

Spongida. 
Cameroepongia  campanulata,  T.  Smith 

sp.  nov.        -        -       .        . 
CephalitC3  perforatus,   T.  Smith  - 
Quettardia  atellala,  Mich.     -        -        .        - 
Placotrema  cretaceum,  Ilindt 
Piocoscyphia  convoluta,  T.  Smitli 

„             flexuMa,  Maiit.       -        -        . 

1 

1 

2 

2 

2 

2 

2 

2 

Polyjerea  sp.  -----       - 

Porochonia  simplex,  T.  Smith 
Tremabolitea  perforatua,  T.  Smith 
Ventriculitea  alcyouoides,  T.  Smith     ■ 
„            angustatuB,    Hoemtr 

mainmillaria.  T.  Stnith   - 
decurrens,  T.  Smith 
„            radbtus,  Mant. 
Verrucoccelia  tubulata,    T.  Smith 

1 

7 
7 

For  the  Foraiiunifera,  see  Oeneral  List  at  end  of  this  volume. 
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Zones  of  Micraster  corteBtudinarium  and 

M.  coranguinum. 

There  are  a  large  number  of  chalk  pits  in  the  counties  of  Bedford 
Hertford,  and  Middlesex  which  neither  Mr.  Hill  nor  myself  have 
had  the  opportunity  of  visiting,  and,  so  far  as  we  know,  few  of 
them  have  been  well  searched  for  fossils,  except  the  pits  near 
Bickmansworth  and  Watford,  from  which  collections  were  made 
by  Mr.  J.  Bhodes  for  the  Geological  Survey  in  1888.  Some  notes 
of  the  chalk  seen  in  these  quarries  and  cuttings  were  taken  by 
Mr.  Bhodes,  and  were  published  in  the  Memoir  on  the  '*  Geology 
of  London,"  Vol.  i.  p.  77  (1889). 

In  that  memoir  it  was  suggested  that  the  zone  of  MicraMer 
cartestvdinarium  was  exposed  in  some  of  these  exposxires; 
Mr.  E.  T.  Newton  has  re-examined  the  Micrasters  obtained  from 
them,  and  confirms  the  existence  of  M .  cartestvdinarium  at 
three  places,  though  some  of  the  others  are  more  correctly 
referable  to  the  M,  pro^cursor  of  Rowe.  On  the  other  hand, 
the  presence  of  Af .  coranguinum  and  Gcderites  albogalerus  at 
several  places  leads  us  to  tiiink  that  most,  if  not  all,  are  in  the 
zone  of  M.  coranguinum,  for  it  is  now  known  that  M. 
eortestudinarium  ranges  into  the  higher  zone. 

Tlie  large  quarry  at  Harefield  Cement  Works,  about  three 
miles  S.S.W.  of  Bickmansworth,  exposes  a  fine  section  of  Chalk 
and  Eocene,  about  60  feet  of  each  being  seen ;  the  chalk  is  in 
regular  beds, with  frequent  layers  of  solid  flint  nodules,  but  fossils 
were  not  abundant.  Small  pits  in  similar  chalk  on  the  west  side 
of  the  Colne  yielded  Micraster  prcecuraor  and  Gcderites  albogalerus 
with  a  few  other  fossils. 

At  the  north  end  of  Harefield  Park  Mr.  Bhodes  found  another 
fine  section  of  chalk  in  a  large  quarry,  which  he  estimated  as 
80  feet  deep.  The  chalk  of  the  lower  20  feet  is  rather  harder 
than  that  above,  but  does  not  otherwise  differ;  layers  of  flints 
occxir  throughout,  and  many  of  them  are  cavernous,  containing 
Doryderma  ramiosum  and  other  sponges.  There  are  also  some 
tabular  flints  (?  continuous  layers  of  flint).  The  only  determinable 
Micraster  is  referable  to  prcecursor. 

A  quarry  by  the  side  of  the  canal,  a  mile  and  a  half  south-west 
of  Bickmansworth,  is  about  60  feet  deep  in  chalk,  with  many 
cavernous  and  spongiferous  flints.  About  40  feet  above  the 
floor  an  Ostrea  (?  acatirostris)  occurred  abundantly,  with  many 
fragments  of  a  large  Inoceramus, 

At  Bickmansworth,  about  12  feet  of  chalk  is  exposed  in  the 
cutting  by  the  goods  yard,  and  in  a  cutting  to  the  eastward,  by 
Croxley  Hall,  a  ditch  by  the  side  of  the  latter  yielding  many  Cidaris 
spines  and  Micrasters  ;  among  the  latter  both  M,  coranguinum  and 
M.  cortestudvnarium  occur.  M.  cortestudinarium  was  also  obtained 
from  the  floor  of  a  bcdlast  pit,  two  miles  east  of  Bickmansworth. 
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The  cutting  on  the  railway  between  Watford  Junction  and 
the  tunnel  to  the  north-west  shows  chalk  with  many  flints,  90 
per  cent,  of  which  are  hollow  and  spongiferous.  From  chalk 
thrown  out  of  the  shaft  near  the  southern  end  of  the  cutting  Mr. 
Bhodes  found  a  few  fossils  and  obtained  some  others  by  washing 
the  material  in  the  hollow  flmts. 

A  large  quarry  between  Watford  and  Bushey  shows  chalk  which 
is  probably  higher  than  the  last ;  its  depth  is  about  60  feet,  the 
higher  part  being  "  yellow-banded  chalk,  pieces  of  which  are  very 
hwl,"  the  lower'  part  white  chalk ;  layers  of  sohd  flints  occur 
throughout.  The  fossils  include  GaierUes  albogalerus,  Micraster 
coranguinum,  and  M,  cortestudinarvum,  all  coming  from  the 
lower  half  of  the  section. 

In  a  pit  at  Letchmoor  Heath,  south-east  of  Aldenham,  the 
chalk  resembles  that  of  Bushey.  In  Berry  Wood,  west  of  Alden- 
ham, there  appears  to  be  chalk  like  that  of  Watford  tunnel,  for 
Mr.  J.  Hopkinson  describes  it  as  **  aboimding  in  the  remains  of 
sponges,  surrounded  by  mere  shells  of  flint,  and  containing  spicules, 
foraminifera,  and  even  polyzoa  beautifully  preserved."  • 

North  of  Aldenham  there  are  foxir  pits,  in  all  of  which  a  small 
oyster,  resembling  Ostrea  cumtirostris,  is  the  commonest  fossil. 

The  only  section  in  the  higher  part  of  the  Upper  Chalk  of  Hert- 
fordshire which  I  have  personally  seen  is  that  in  a  large  quarry 
more  than  half  a  mile  east  of  Stevenage. 

When  seen  in  1884  this  showed  a  face  of  chalk  some  50  feet  in 
depth,  with  an  inner  pit  going  a  further  distance  of  about  20  feet. 
The  whole  consists  of  soft  white  chalk,  with  frequent  layers  of 
flints,  one  set  of  nodules  being  of  large  size,  but  those  in  the  lowest 
beds  are  smaller.  I  was  informed  that  the  well  at  the  foreman's 
cottage  was  sunk  135  feet,  and  deepened  by  5  feet  subsequently, 
in  a  dry  season,  the  chalk  at  the  bottom  being  very  hard ;  tins 
was  probably  the  Chalk  Bock,  so  that  the  lowest  beds  seen  in  the 
quarry  are  60  or  70  feet  above  that  rock.  Terebratula  carnea 
is  the  commonest  fossil,  but  I  also  obtained  from  the  workmen 
Micraster  prcecursor  and  the  gibbose  variety  which  so  closely 
resembles  Epiaster  gibbua. 

In  1886  a  well  was  sunk  at  a  spot  about  a  quarter  of  a  mile 
east  of  Stevenage  church,  and  the  following  particulars  of  the 
beds  traversed  were  obtained  by  Mr.  W.  HiU  :— 

Feet. 

White  Chalk  with  flints 112 

Chalk  Rock  (sample  seen) 3 

White  Chalk 10 

126 


•  Proc.  QeoL  Aasoc.,  Vol.  ii.  p.  44  (1871). 
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The  following  ia  a  revised  list  of  the  foasils  collected  by  Mr. 
Rhodes  from  the  pita  above  deeoribed.  It  is  also  rearranged 
from  the  origiaal  lists,  and  the  references  to  locahties  are  aa  follow  :— 

1.  Harefleld,  Harefield  Park,  Troy  Farm,  and  Wheyberda. 

2.  Quarriea  south-weet  of  Bickmanaworth. 

3.  Quarries  at  and  east  of  Bickmanaworth.  ,     * 

4.  Watford  and  Buahey. 

5.  Quarries  near  Aldenham. 

6.  Two  quarries  near  Shenley. 


1 

2 

3 

4 

5 

6 

FUh  remiins 

LameHibratuhia  ta. 

Inoceramua  Cuvieri?  Sew. 

„          involulua.  Sow. 

sp. 

Ostrea  acutirostrLs,  Nila. 

„     normauiaoa,  d'Orb. 

1 

! 
1 

1 

2 

3 

4 

5 

5 
5 

5 
5 

B 

& 

5 
6 

5 

6 
6 

Pecten  cretoaus,  Z^e/r  C=nitidu8,  iUoHf.) 

„     (Neitliea)  quinquecost.it us,  Sow.  ■ 

Spoudylus  spiaosua,  Sow. 

.,          9P-                        

Brachiopoda. 

Craoia  egnabergenaia.  Kett. 

„      parifliensia,  Vefr. 

Kiagena   lima,    Defr.     --.... 
Megathyria(Argiope)megatrema,ili7.    - 
BhynchonelU  reedensis  J  Eth.     -       •       ■       ■ 
„            plicatilia  I    Sow.       -        .        .        . 
Terebratula  Bemiglnbosa,   Sow.      -        -        .        . 

Terebratulina  striata.  Wahl. 

Tbecidiuiii   Wetherelli,    Aforria      -        -        .       . 

Bryaioa. 

Alecto  (Stomatopora)      -..-.. 

Bicavea  dilatata,  d'Orb. 

Cellepora  1 

Crisina  Bubgracilij,  d'Orb. 

DefranciaJ 

Diastopora  sp. 

Domoporj  clavuliv,  d'Orb. 

Entalophora  cUivata  )  d'Orb.  (-echinata)      - 

obliqua,  dOrb.  (=Clauaa  heteropora) 
„            raripora,  <f'Orfc.(=Tirgula) 

Escharaap. 

Escharinasp. 

Plufltrellaria  granulosa,  d'Orb.  (Onychosella)  - 

Membraaipora  ap. 

OoychoMija  Lamarcki,  Hag.        ■       .       .       . 

1 
1 
1 

1 

1 
1 

1 

1 

1 

1 
1 

1 

1 
1 

2 

3 

3 
3 

3 
3 

4 
4 

4 

4 

4 
4 
4 
4 
4 

4 
4 

4 

4 
4 
4 

4 

4 

4 

4 
4 
4 

6 
6 
6 

- 
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1 

2 

3 

4 

5 

6 

Spamcavacarentina^dOri. 

Stomatoporaramea,£iainv.(=Prob.  ramo8a,£dw.) 
Truncatula  alternata,  d'Orb. 

1 

" 

: 

4 

4 
4 

4 

4 

4 
4 
4 
4 
4 

4 
4 

4 

4 

1 

4 
4 

4 
4 

a 

5 

4 
5 

a 

3 

5 
5 

a 

6 
6 

Aniulida. 

Serpula  granulate,  Soui. 

„      ilium,  Goldf. 

„       [Jsxus,  Sow. 

„       proUufl  1  Saw. 

Ter'B'belh''ieweBiensifl,  Davia         -       -       -       - 

Crustacea. 
Poliicipes  glaber,  Roemer 

Aelinotoa. 
CaryophylUa  cyliadracea,  B^um    -       -        -       - 

1 

1 
1 

1 

1 

: 

- 

Echinodermata. 
Bourgueticrinua  ellipticua,  Miller  -        -        -        - 
CidariB   clavigera,    Kimig 

„      sceptrifera,  Mant. 

„      subvesiculosa,    d'Orb.        -       -        -        - 
„      ap. 

Echmocorys  Bcutatua,  Letlce 

Oaleritea  albogalerua,  Leike 

Ooniaster    (oasiclea) 

Metopaater  Parkingoni,   Forbes     .        .        -        - 

Micraater  coranguinum,  Letke      -        -       -        - 

„        pnecuraor,  Jimse 

Oreaster  sp, 

SpoitQida. 
Doryderma    ramoaum,    Mant.      -       -        -       - 
Ouettardia  stellata,  Atidt. 

Woodwardi,  Carter     -        .        -        • 
„          sp. 

1 

1 
1 

1 

1 
1 
1 

1 

1 

1 
1 

1 

2 
2 
4 

2 

3 
3 
3 

3 

3 

3 
3 

3 

B 
6 

6 

Foraminifera. 

CristfUaria  rotulata,  lam. 

Lituola  nautiloides,r>e/r. 

; 

; 

; 
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CHAPTER  XVm. 

THE    UPPER    C5HALK    IN    CAMBRIDGESHIRE,   ESSEX, 

AND  SUFFOLK. 

Very  little  is  yet  known  about  the  Upper  Chalk  of  these  counties, 
partly  because  they  were  surveyed  before  the  value  of  the  zonal 
divisions  of  the  Chalk  was  understood  or  appreciated  in  England, 
and  partly  because  so  much  of  the  surface  of  the  Chalk  is  covered 
and  concealed  by  the  glacial  deposits.  Hence  the  area  is  not  an 
attractive  one  for  zonal  exploration,  but  no  doubt  something 
might  be  made  of  it  by  anyone  who  chose  to  examine  it  specially 
for  thia  purpose  ;  thus,  the  frequent  layers  of  flints  would  doubtless 
serve  to  distinguish  the  Micraater  zones  from  those  of 
MarsupUes  and  Actinocamax  quadrattLs  in  which  flints  are  few 
and  scattered. 

Even  the  outcrop  of  the  Chalk  Rock  has  not  been  followed 
continuously.  It  was  not  mapped  at  all  by  the  Geological  Survey 
within  the  area  of  Sheet  47,  and  was  only  followed  in  Sheet  51 
as  far  as  Stetchwoi-th,  but  Mr.  H.  Woods  of  Cambridge  has 
since  traced  it  as  far  Higham  between  Newmarket  and  Bury  St. 
Edmimds.*- 

The  remarkable  flexxire  which  is  disclosed  by  pits  in  the  Chalk 
Rock  near  Royston  has  been  mentioned  in  Vol.  II.  469. 

The  total  thickness  of  the  Chalk  at  Combs,  near  Stowmarket, 
as  recorded  by  Mr.  P.  BruflF  from  a  boring  made  there  in  1855,-f- 
is  817  feet,  of  which  504  feet  is  said  to  have  been  through  "  chalk 
with  flints."  In  a  recent  boring  at  Stutton,  near  Ipswich,  the 
Chalk  was  entered  at  70  feet  from  the  surface,  and  the  base  of 
the  Middle  Chalk  was  found  at  a  depth  of  about  800  feet,  so  that 
the  Upper  and  Middle  Chalk  were  about  730  feet  thick,  and  of 
this  probably  about  500  should  be  assigned  to  the  Upper  Chalk. 

Zone  of  Holaster  planus  (Chalk  Sock,  etc.). 

In  Essex  the  zone  of  Holaster  planus  presents  the  same  f acies 
as  in  Hertfordshire,  but  in  Cambridgeshire  only  the  lower  rock- 
bed  remains  and  the  upper  part  of  the  zone  consists  of  ordinary 
white  chalk  with  numerous  flints  and  without  any  hard  beds. 
This  f acies  of  the  zone  has  a  thickness  of  at  least  25  feet. 

*  Since  the  above  was  written,  search  for  fossils  has  been  made  by  the 
Rev.  E.  Hill.  Mr.  G.  W.  Hewetson  and  others  j  the  results  were  published 
in  Proc.  Geol.  Assoc,  vol.  xviii,  p.  85,  and  are  incorporated  in  this  chapter 

t  Proc.  Inst.  Civ.  Eng.,  Vol.  nx.  p.  42. 
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Essex.— ^Ue  Clialk  Book  first  comes  within  the  influence  of  the 
flexure  above  mentioned  at  Therfleld,  a  vilU^  which  in  really  in 
Hertfordshire,  about  two  miles  west  of  Boyston.  Here  a  pit,  three 
furlongs  north  of  the  church,  exposes  a  few  feet  of  soft  (Middle) 
chalk  overlain  by  hard  compact  limeatone  (Chalk  Bock),  which 
dips  northward  at  about  l5deg.  There  is  another  small  |at, 
half  a  mile  eouth-weat  of  the  church,  which  also  shows  the  same 
rook,  but  there  it  is  horizontal,  or  nearly  so ;  from  this  exposure 
I  obtained  Para»milia  centralia,  Bhyndumella  jilicatUiB  (large), 
Terebratvla  aemigUiboaa,  Spondylua  spinoms,  and  the  cast  of  a 
Turbo  (probably  Geinitzi). 

The  next  section  is  a  quarry  on  the  east  side  of  the  main 
road,  two  miles  south  of  Boyston,  and  a  mile  north  of  Baed.  This 
is  represented  in  Fig.  124,  taken  from  a  sketch  by  Mr.  Penning,* 


Fig.  G7.— View  of  the  Chalk-pit  nortii  of  Reed. 


Feet 


a.  BouIder-cIay  with  hard  cryBtalline  chalk  beneath. 
b  b.  Upper  Chalk,  with  layers  ol  flints,  and  a  contiauoua  layer 

or  floor  of  flint  (dipping  N.  at  21  deg.)  at    •       -       -    18 

{Hard  compact  cream-cdoured  nodular  chalk  with 
many  fossils about       2 
Rough  whitish  chalk  with  a  few  scattered  flints  in 
the  lower  part 10 
Hard  nodular  cream-coloured  chalk    -       -       -      2 
d.  Middle  Chalk. — Firm  white  chalk  with  a  sparse  layer  of 
flinte  at  the  top,  curving  till  nearly  horizontal. 
Another  interesting  sectioii  is  shown  in  a  pit  at  Newsells  Bury, 
half  a  mile  north  of  Barkway,  where  the  anticline  is  more  pro- 
nounced, and  the  beds  curve  over  till  they  dip  at  60°  to  the  north. 
The  succession  here  in  1877  was  as  follows  : — 

Feet. 
Upper  Chalk.— Sdi  white  chalk  vrith  scattered  flints  -  •  6 
Chalk  f^""*^  cream-coloured  nodular  limestone  -  -  -  2 
p^i,    J  RubWy  whitish  chalk  with  a  thin  layer  of  whitish 

^^^  marl 1  li 

[  Hard  cream-coloured  nodular  rock  ;  many  fossils     -       2) 
white  chalk    ---------  7    5 


Beds. 


ftoc. 


See  "  Geology  of  the  N.W.  part  of  Essoi,"  Mem.  Geol.  Survey,  1 
B ;  also  H.  fi.  Woodward,  Quart.  Joum.  Oeol.  Soc,  vol.  liz.,  p.  36S, 
QeoL  AsBOV.,  vol  zviiL,  11K)3. 
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The  rook-beds  are  also  seen  at  Barley  (Smyth's  End),  where 
they  dip  north-west  at  about  40°,  and  again  near  Heydon,  where 
they  are  dipping  at  about  25""  a  Uttle  west  of  north.  Beyond 
this  the  flexure  has  not  been  traced. 

The  Chalk  Bock  is  exposed  by  the  roadside  half  a  mile  east 
of  Little  Chesterford,  and  better  in  a  quarry  S.S.E.  of  the  farm 
Galled  Great  Chesterford  Park,  where  the  section  recorded  by 
Mr.  Penning  is  as  follows : — 

Feet 
5.  Chalk  with  flmts  dipping  dightly  to  S.K  ...       -    6 
4.  Bubbly  lumps  of  yellowish   crystalline  chalk  set  in  a\ 
marly  matrix  with  fossils  and  phosphatic  nodules.      I^  . 

3.  Marly  chalk j*"^ 

2.  Hard  crystalline  chalk,  passing  down  into  -       -       -        J 
1.  Soft  chalk  with  few  flints         -  -       -       -       -     10 

Cambridgeshire. — ^North  of  Chesterford  no  good  exposures  were 
found  till  we  reach  a  pit  by  Carleton  Grange,  N.N.E.  of 
Balsham,  where  the  Chalk  Bock,  about  3  feet  thidc>  forms  the 
roof  of  several  tunnels  which  have  been  driven  into  the  Middle 
Chalk  below  it. 

Tlie  quarry  at  the  Limekilns,  just  north-west  of  Balsham,  is 
above  the  rock-bed,  and  appears  to  represent  the  upper  part  of  the 
H.  planus  zone.  It  is  about  16  feet  deep,  in  soft  white  chalk,  with 
several  layers  of  flints,  which  are  black  inside  and  enclose  some 
fossils  {Cidari^,  Spondylua  apinosus,  etc.).  Mr.  Allen  also  obtained 
many  Micrasters,  and  Mr.  E.  T.  Newton  informs  me  that  a  re-ex- 
amination of  these  shows  that  most  of  them  belong  to  the  form 
now  called  M.  Leskei,  but  that  one  of  them  is  a  good  specimen  of 
Af .  corbovia. 

There  is  another  quarry  to  the  northward,  and  half  a  mile 
north-west  of  West  Wratting,  which  is  in  similar  chalk,  and  this, 
too,  has  yielded  M,  Leskei  and  M.  prcecursar,  but  not  M.  corbovia. 

It  has  also  been  quarried  three-quarters  of  a  mile  south-west 
of  Westley  Waterless,  where  the  following  section  was  seen  : — 

Feet 

White  chalk  with  flints 8 

Chalk  Rock. — Compact  yellowish  limestone,  much  broken  up, 

but  upper  surface  clearly  marked  -       -  -       about      3 

White  chalk  with  a  few  scattered  flints. 

The  next  exposure  is  a  quarry  by  Underwood  Hall,  north-west 
of  Westley,  but  no  Chalk  Bock  limestone  exists  here,  and  the 
characters  of  the  chalk  are  so  different  that  one  would  hardly 
suppose  the  beds  to  be  on  the  horizon  of  the  Chalk  Bock,  were 
it  not  that  they  are  fossiliferous,  and  contain  the  same  fauna. 
A  brief  note  of  this  section  was  published  in  the  **  Geology  of  the 
Neighbourhood  of  Cambridge  "  (p.  68),  but  Mr.  H.  Woods  has 


238  THE  CRKTAGEOUS  ROCKS  OF  BRITAIN. 

kindly  supplied  with  me  more  acourate  measurements,  taken 
by  him  in  1899.    These  are  as  below : — 

Ft,  itim 
I"  White  chalk  with   many  flints  in  somewhat 

u,  3  J     irregular  layers 16     3 

^  g  \  Lumps  and  discoatinuous  layers  of  very  hard 
S  "g,  chalk  embedded  ia  soft  chalk,  with  a  few  flints. 
£§  .  \  Many  fossils  ---.--- 
^  /'Soft  chalk  with  a  few  flints      -       -       -       - 


Q 


Continuous  layer  of  flint 

Chalk  with  occasional  flints       - 

Continuous  layer  of  flint 

Soft  white  chalk  in  thick  beds,  with  occasional 
^    flints,  to  floor  of  quarry 


6 

3 

2 

0 

0 

2 

1 

8 

0 

3 

4 

9 

31     4 


In  a  pit  west  of  Stetchworth  Church  the  rock  appears  again  in 
its  normal  form,  and  contains  Bome  of  the  usual  fossils.  It  is 
seen  at  the  bottom  of  the  pit  and  yielded  Micraster  carboviSf  M. 
Leskei,  M.  prcecursor  and  Lima  Hoperi,  Above  it  there  is  about 
16  feet  of  chalk  which  contains  regular  horizontal  layers  of  black 
flints  ;  some  of  these  flints,  however,  are  of  great  vertical  height, 
two  feet  or  more,  passing  through  one  or  more  beds  of  chalk, 
and  swelling  out  slightly  at  the  planes  of  division. 

Mr.  Woods  also  informs  me  that  the  Chalk  Bock  is  particularly 

well  shown  in  a  quarry  at  Wood  Ditton,  still  further  eastward, 

and  he  sends  me  the  following  particulars  of  the  section  as  seen 

in  August,  1899  : — 

Feet 
fYirm  white  chalk  with  a  few  flints,  weavhering  into  rather 
thin  pieces.  Some  phosphatic  nodules  occur  at  the  very 

base lOj 

Chalk  Rock, — Very  hard  chalk  with  many  green-coated 
phosphatic  nodules,  passing  down  into  lumpy  chalk,  con- 
»    sisting  of  hard  masses  with  softer  chalk  between     -       *    ^i 

(Soft  chalk  with  very  few  flints 3 J 
Continuous  flint-band  from  J  to  1 J  inches. 
Soft  chalk  with  rather  large  and  fairly  numerous  flints  ; 
bedding  well  marked     -----  seen  for      9 


Upper  , 
Chalk.  ^ 


25i 


The  upper  surface  of  the  Chalk  Rock  is  a  well-marked  plane. 
The  beds  dip  southward  at  about  2°  or  3**;  those  above  the 
flint  band  are  best  seen  on  the  south  and  south-east  sides,  those 
below  it  on  the  north  side  of  the  pit. 

A  pit  about  balf-a-mile  north  of  Cheveley  shows  firm  white 
Chalk  with  flints,  from  which  Mr.  Woods  has  obtained  fossUs 
that  prove  it  to  belong  to  the  zone  of  H.  planus,  Micraster 
corbovis  is  abundant,  and  with  it  are  forms  of  M.  prcecursor 
which  Dr.  Bowe  pronounces  to  be  like  those  from  the  H,  planus 
zone  on  the  South  Coast, 
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Mr.  Woods  also  found  the  rock-bed  exposed  in   a  pit  about 
a  quarter  of  a  mile  west  of  Upper  Higham,  the  section  showing : — 

Feet. 
Chalk  (inaccessible)        ....  --3to4 

Chalk  Rock  passing  down  into  lumpy  chalk     -       -  2} 

Soft  white  chalk  with   few   flints ;    Holaster  planus^ 

Micr.  eorbovi9,  Spondylus  tpinosus    -        -        -        -  6i 

Continuous  layer  of  flint  1  to  2  inches  thick. 
Soft  white  chalk  with  flints    -  -       seen  for  7 


About  20 

The  railway  cutting  east  of  Higham  Station,  and  a  large  pit  by 
the  road  to  Bury,  near  by,  show  chalk  with  Hclaster  placenta  and 
Micraater  which  were  submitted  to  Dr.  Rowe,  who  refers  them  to 
the  upper  part  of  the  zone  of  Holasier  planus. 

Zone  of  Mieraster  eortestudinarimiL 

This  zone  is  probably  represented  in  some  of  the  overlying 
chalk,  but  no  exposm-es  have  been  found  which  can  be  referred 
to  it  with  any  degree  of  certainty. 

The  chalk  exposed  in  a  small  quarry  near  Little  Saxham  pro- 
bably belongs  to  this  zone ;  Mr.  Woods  foimd  here  spines  of 
Cidaria  daxigera  and  many  fragments  of  a  large  Inoceramua. 

Zone  of  Mieraster  eorang^unnnL 

Essex.  In  the  valley  of  the  Cam  there  are  several  pits  near 
Saffron  Walden  and  Littlebury  in  chalk,  with  layers  of  flints.  * 

From  the  lime-kiln  half  a  mile  north  of  Saffron  Walden  the 
following  fossils  were  obtained : — Epiastet  gibbus,  Mieraster 
pnBCursor^  Cidaris  serrifera,  Echinocorys  scuiatus,  and  Ino- 
ceramus  Cuvieri,  species  which  seem  to  indicate  the  M.  coran- 
guinum  zone.  From  another  pit  half  a  mile  east  of  the  town  the 
following  were  obtained  from  the  workmen  : — 

Coscinopora  quincuncialis.  I    Cidaris  sceptrifera. 

Parasmiiia  centralis.  Actinocamax  ?  (broken). 

Bourgueticrinus  ellipticus.  I    Scapanorhynchus  rhaphiodon 

Cambridgeshire.  The  chalk  near  Shudy  Camps  has  yielded 
Mieraster  coranguinum,  and  Galerites  subrotundust^  and  Mr. 
H.  Woods  informs  me  that  Infulaster  excentricus  was  also  obtained 
by  Mr.  J.  Carter  from  that  locality. 

The  shaft  and  boring  at  the  Town  Waterworks  of  Shudy 
Camps    are    255    feet    deep,    and    the    following    information 

*  See  Qeology  of  the  North- West  part  of  Essex  (Sh.  47),  Hem.  Geol. 
Survey,  pp.  10,  11  (1878). 
t  See  Qeol.  Mag.  for  1891,  p.  116. 
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kindly  supplied  with  me  more  acourate  measurements,  taken 
by  him  in  1899.    These  are  as  below : — 

Ft  in, 

(White  chalk  with   many  flints  in  somewhat 
irregular  layers 16    3 
Lumps  and  discontinuous  layers  of  very  hard 
chalk  embedded  in  soft  chalk,  with  a  few  flints. 
Many  fossils      ---.--- 
'"^  /'Soft  chalk  with  a  few  flints      -       -       .       - 


Continuous  layer  of  flint     -       -       -       -       - 
^  M  I  Chalk  with  occasional  flints       .... 

Continuous  layer  of  flint 

Soft  white  chalk  in  thick  beds,  with  occasional 
\    flints,  to  floor  of  quarry 


:§ 


as 


6 

3 

2 

0 

0 

2 

1 

8 

0 

3 

4 

9 

31     4 


In  a  pit  west  of  Stetchworth  Church  the  rock  appears  again  in 
its  normal  form,  and  contains  some  of  the  usual  fossils.  It  is 
seen  at  the  bottom  of  the  pit  and  yielded  Micraster  carbovis,  M. 
Leskei,  M,  prcecursor  and  Lima  Hoperi,  Above  it  there  is  about 
16  feet  of  chalk  which  contains  regular  horizontal  layers  of  black 
flints ;  some  of  these  flints,  however,  are  of  great  vertical  height, 
two  feet  or  more,  passing  through  one  or  more  beds  of  chalk, 
and  swelling  out  sUghtly  at  the  planes  of  division. 

Mr.  Woods  also  informs  me  that  the  Chalk  Bock  is  particularly 
well  shown  in  a  quarry  at  Wood  Ditton,  still  further  eastward, 
and  he  sends  me  the  following  particulars  of  the  section  as  seen 

in  August,  1899  : — 

Feet 
Firm  white  chalk  with  a  few  flints,  weavhering  into  rather 
thin  pieces.  Some  phosphatic  nodules  occur  at  the  very 
base         -       -       -       -       -       -       -       -       -       -  lOi 

ChcUk  Rock, — Very  hard  chalk  with  many  green-coated 
phosphatic  nodules,  passing  down  into  lumpy  chalk,  con- 
sisting of  hard  masses  with  softer  chalk  between     -       -    2( 
(Soft  chalk  with  very  few  flints 3  J 
Continuous  flint-band  from  ^  to  1}  inches. 
Soft  chalk  with  rather  large  and  fairly  numerous  flints  ; 
bedding  well  marked     -       .       -       -       -  seen  for      9 


Upper 
Chalk. 


25i 


The  upper  surface  of  the  Chalk  Rock  is  a  well-marked  plane. 
The  beds  dip  southward  at  about  2°  or  3**;  those  above  the 
flint  band  are  best  seen  on  the  south  and  south-east  sides,  those 
below  it  on  the  north  side  of  the  pit. 

A  pit  about  half-a-mile  north  of  Cheveley  shows  firm  white 
Chalk  with  flints,  from  which  Mr.  Woods  has  obtained  fossDs 
that  prove  it  to  belong  to  the  zone  of  H.  planus,  Micraster 
corbovis  is  abundant,  and  with  it  are  forms  of  M.  prcecursor 
which  Dr.  Bowe  pronounces  to  be  like  thp^e  from  the  H.  plnnus 
zone  on  the  South  Coast, 
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Mr.  Woods  also  found  the  rock-bed  exposed  in  a  pit  about 
a  quarter  of  a  mile  west  of  Upper  Higham,  the  section  showing : — 

Fuu 
Chalk  (inaccessible)        .---  .-3to4 

ChaDc  Bock  passing  down  into  lumpy  chalk     -       -  2} 

Soft  white  chalk  with   few   flints ;    Ilolaster  planus^ 

After,  corboviSf  Spondylus  9ptnostu    -  .     -        -        -  6i 

Omtinuous  layer  of  flint  1  to  2  inches  thick. 
Soft  white  chalk  with  flints    -       -       -       seen  for  7 


About  20 

The  railway  cutting  east  of  Higham  Station,  and  a  large  pit  by 
the  road  to  Bury»  near  by,  show  chalk  with  Holaster  pUtcenta  and 
Micnuter  which  were  submitted  to  Dr.  Rowe,  who  refers  them  to 
the  upper  part  of  the  zone  of  Holaster  planus. 

Zone  of  Mieraster  eortestudinarium. 

This  zone  is  probably  represented  in  some  of  the  overlying 
chalk,  but  no  exposm-es  have  been  found  which  can  be  referred 
to  it  with  any  degree  of  certainty. 

The  chalk  exposed  in  a  small  quarry  near  Little  Saxham  pro- 
bably belongs  to  this  zone ;  Mr.  Woods  foimd  here  spines  of 
Cidaris  davigera  and  many  fragments  of  a  large  Inoceramua. 

Zone  of  Mieraster  eorang^iinimL 

Essex.  In  the  valley  of  the  Cam  there  are  several  pits  near 
Saffron  Walden  and  Littlebury  in  chalk,  with  layers  of  flints.* 

From  the  lime-kiln  half  a  mile  north  of  Saffron  Walden  the 
following  fossils  were  obtained : — Ejnaster  gihhuSy  Mieraster 
prcBCwrsor,  Cidaris  serrifera,  Echinocorys  scuiatus,  and  Ino- 
ceramus  Cuvieri,  species  which  seem  to  indicate  the  M.  coran- 
guinum  zone.  From  another  pit  half  a  mile  east  of  the  town  the 
following  were  obtained  from  the  workmen  : — 

Coscinopora  quincuncialis.  I    Cidaris  sceptrifera. 

Parasmilia  centralis.  Actinocamax  ?  (broken). 

Boturgueticrinus  dUipticus.  I    Scapanorhynchus  rhaphiodon 

Cawbridgeskire.  The  chalk  near  Shudy  Camps  has  yielded 
Mieraster  coranguinum,  and  Galerites  subroiundus,^  and  Mr. 
H.  Woods  informs  me  that  Infulaster  excentricus  was  also  obtained 
by  Mr.  J.  Carter  from  that  locality. 

The  shaft  and  boring  at  the  Town  Waterw'orks  of  Shudy 
Camps    are    255    feet    deep,    and    the    following    information 

*  See  Gedogy  of  the  North- West  part  of  Essex  (Sh.  47),  Hem.  Geo!. 
Survey,  pp.  10,  11  (1878). 
t  See  QeoL  Mag.  for  1891,  p.  116. 
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respecting   them   is  from  Mr.   J.  Ingold,  who  made  the  well, 

which  was  dug  103  feet  and  bored  152  feet : — 

Feet 

Loam  and  boulder  clay  -       - to   25 

Chalk  and  clay 3 

Chalk  with  flints 227 

255 

SuffoUc,  In  the  south-east  ot  Suffolk  this  zone  is  almost 
entirely  concealed  by  Glacial  deposits,  but  is  exposed  in  several 
quarries  near  Bury  St.  Edmunds.  I  had  simnisea  that  the  chalk 
of  Bury  belonged  to  this  zone  from  the  geographical  position  ot 
the  town,  but  had  no  proof  of  it  till  this  year  (1902),  when,  at 
ray  suggestion,  the  Rev.  E.  Hill,  Rector  ot  Cockfield,  was  kind 
enough  to  obtain  fossils  from  one  of  the  pits.  These  confirmed 
my  surmise,  and  I  am  indebted  to  Dr.  A.  W.  Rowe  for  his 
opinion  as  to  the  zonal  position  of  the  fauna  obtained. 

The  quarry  visited  by  Mr.  Hill  is  south-west  of  the  town,  and 
the  chalk  is  burnt  for  lime.  Mr.  Hill  has  furnished  me  with  the 
following  description  of  the  section — the  pit  is  about  35  feet 
deep,  and  the  succession  is  as  follows : — 

Feet.  In. 

Soil  and  chalk-rubble 2  - 

Chalk,  with  a  few  scattered  flints 6  - 

Flints  in  line,  but  widely  separated,  up  to     •        -        •  0  6 

Chalk,  with  a  few  scattered  flints 6  - 

Flints  in  line  at  irregular  distances,  up  to      •        -        -  0  8 

Chalk  without  flints,  seen  for 20  - 

The  flints  are  black  inside  with  a  thin  white  cortex,  seldom 
more  than  ^'^  of  an  inch  thick ;  some  of  those  in  the  lower  plane 
are  large,  massive,  lenticular  flints,  from  12  to  18  inches  long. 
The  fossils  found  were  the  following : — 

Echinocorys  scutatus.  Thecidiiun  Wetherelli  (common). 

Micraster  corangoinuna.  Ostrea  vesicularis. 

.,        .,         var.  gibbosa.  „     normaniana. 

Terebratula  semiglobosa.  Plicatola  sigillina. 

Dr.  Rowe,  to  whom  the  Echinoderms  were  sent  for  examina- 
tion, informs  me  that  they  belong  to  varieties  which  are 
characteristic  of  the  middle  part  of  the  zone  of  M.  coranguinum. 
Some  of  the  Micrasters  are  short,  gibbous  and  conical,  strongly 
resembling  Emaster  gibhua,  except  that  they  possess  a  decided 
subanal  fasciole ;  Dr.  Rowe  rerards  these  as  merely  a  variety  of 
M.  coranguinum,  but  M.  Lambert  includes  them  in  his 
M.  aemonenaia  together  with  the  non-fascioled  forms  usually 
known  as  Epiaster  gibhua^  considering  the  presence  or  absence 
of  a  fasciole  as  of  small  importance. 

Another  quarry,  about  a  mile  north-east  of  Bury,  on  the  road 
to  Ixworth,  was  visited  by  Mr.  Hill,  and  found  to  show  about  15 
feet  of  chalk  with  two  layers  of  flints,  but  no  fossils  were 
obtained. 
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Dr.  Wheelton  Hind  has  kindly  allowed  me  to  examine  some 
fossils  which  he  obtained  some  years  ago  from  a  chalk-pit  at 
Pakenham,  a  village  4J  miles  E.N.E  of  Bury,  and  I  identified 
the  following  species,  which  show  that  this  locaUty  comes 
within  the  same  zone : — 

Echinocorys  scutatus.  Spondylus  spinosus. 
Micraster  cornDguinum.  „         latus. 

Epiaster  gibbus.  Plicatiila  sigillina. 

Gfelerites  albogalerus.  Thecidium  Wetherelli. 

About  li  mile  N.E.  of  Pakenham,  and  the  same  distance  S.E. 
of  Ixworth,  on  the  road  to  Stowlangtoft,  is  a  quarry  which 
Mr.  Hill  has  visited,  and  of  which  he  gives  me  the  following 
account — ^this  is  an  extensive  but  shallow  excavation,  usually 
odly  10  feet  deep,  but  sometimes  worked  to  14  feet ;  from  it 
c^Ves  are  tunnelled  into  the  chalk,  and  one  of  them  is  as  much 
as  30  feet  long.  The  chalk  is  very  white  and  soft,  and  there  are 
a  few  flints  scattered  irregularly  through  it,  >vith  a  layer  of  flints 
about  10  feet  from  the  surface;  some  of  the  latter  are  large  and 
of  irregular  shape  up  to  2  feet  in  length.  Mr.  Hill  found  a  few 
fossils  which  appear  to  belong  to  the  following  species,  though 
the  Echinoderais  are  much  crushed,  and  I  am  indebted  to  Dr. 
Rowe  for  assistance  in  their  identification : — 

Micraster  coranguinum  ?  Kingena  lima. 

Galerites  albogalerus  ?  (young).  Ostrea  veaicularis. 

Cidaris  sceptrifera.  Inoceramus  sp. 
Scalpellom  maximum. 

The  test  of  the  Micraster  is  very  thin,  and  the  beds  probably 
belong  to  the  highest  part  of  the  zone. 

South  of  Fornham  All  Saints  is  a  large  chalk  pit,  of  which 
Mr.  Blake  observes  that  it  shows  "  about  20  feet  of  chalk, 
containing  flints  irregularly  interspersed,"  and  two  thin  con- 
tinuous seams  of  flint,  but  no  fossils  are  recorded.* 

The  chalk  which  has  been  in  former  days  so  largely  quarried 
to  obtain  flints  for  the  making  of  gun-flints  at  Brandon  and 
Lingheath  belongs  in  all  probability  to  the  zone  of  Micraster 
coranguinum,  but  though  Mr.  Skertchly  obtained  useful  accounts 
of  the  succession  of  beds  of  chalk  and  flint  proved  in  the  excava- 
tions, he  only  records  a  single  fossil  from  them,  and  that  is  Echino- 
corys scutatv^y  a  species  which  has  little  zonal  value. 

My  reasons  for  believing  these  beds  to  be  referable  to  the  zone 
of  M.  coranguinum  are,  (1)  their  position  to  the  eastward  of  the 
outcrop  of  the  Middle  Chalk  ;  (2)  their  alignment  with  the  chalk 
of  Bury,  now  known  to  belong  to  this  zone ;  (3)  the  pre- 
valence of  large  flints  and  of  thick  continuous  floors  of  flint ; 
(4)  the  fact  that  in  at  least  one  layer  the  flints  have  a  banded 
crust.    It  is  possible,  how^ever,  that  the  lowest  part  of  the  series 

*  Geology  of  Parts  of  Cambridgeshire  and  Suffolk  (Expl.  of  Sh.  51  N.E., 
p.  47). 
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1.  Sand  and  gravel 
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2.  ** Dead  lime"  or  reconstmcted  chalk,  in  wbidi  the 

flints  stand  edgewise  or  on  end     •       •       •       -    6    0 


8.  Soft  white  challc  of  the  ordinary  charact«r 


4.  "  Horns,"  an  irr^^lar  layer  of  flints  whieh  are 
nearly  all  small  and  flnger-shaped.  The  thickneas 
is  included  in  the  following  :— 


4    0 


6.  Soft  white  chalk 


3    0 


6.  "  Toppings,"  the  first  regular  layer  of  flint  almost 
continuous,  knobby  on  the  tup,  flat  at  the  base, 
breaking  in  lengtiis  of  a  foot  or  less     •       >       -    0    6 


7.  Soft  white  chalk,  as  before 


4    0 


8.  First  pipe-clay,  or  seam  of  marl       -       -       -       -    0    4 

9.  Hard,  white,  sub-crystalllue,   chalky   limestone, 

which  rings  under  the  pick  and  has  to  be  worked 
out  from  the  Joints L 

10.  "  Upper  Crust  Flints,"  generally  separate,  round, 

and  lumpy ;  nearly  alwa>s  grey  inside ;  crust 
thick  and  double,  often  parted  by  a  tbin  layer  of 
flint.    Only  used  as  building  stones      •       •       -08 

11.  Soft  white  chalk 10 

12.  Second  pipe-clay  or  marl  seam        -       -       -       -    u    2 

13.  Hard  while  chalk,  one  Jointless  bed       •       -       -10 

14.  Soft  white  chalk 2    0 

15.  "  Wall  Stoue."  a  continuous  floor  of  black  flint,  with 

*'  paps"  or  knobs  above  and  horn-like  projections 
below,  which  are  sometimes  a  foot  in  length       -    1    0 
IC.  Very  soft  clialk,  so  full  of  '  horn  "  flinta  that  the 

pick  can  hardly  be  used  ;  often  stained  yellow   -26 

17.  Soft  while  chalk 2    fl 

18.  Third  pipe  clay 0    2 

19.  Hard  white  chalk 8    0 

SO.  **  Floor  stone,"  generally  continuous,  but  sometimes 
in  ovoid  masses,  which  are  called  "  heel-pieces  "  ; 
black  but  often  greyin  the  middle :  the  bed  from 
which  the  best  gun-flints  are  made.     •       •       -    0    8 


21.  Soft  white  chalk,   sometimes  containing  large 

flinU 7    8 

22.  Hard  white  chalk 16 

23.  "Rouich  and  Smooth  -Blacks;"   large   sep'irate 

black  flints  in  hard  chalk 0    4 


24.  Soft  white  chalk. 


Fi(j.  58.— Section  at  Lingheath,  Brandon  (S.  B.  J.  Skertchly). 


45    3 
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may  belong  to  the  zone  of  M.  cortestudinarium.  The  account 
opposite  is  taken  from  published  Siurvey  Memoirs,  and  was 
obtained  entirely  by  Mr.  S.  B.  J.  Skertchly.  * 

Shafts  and  pits  for  extracting  jflints  were  made  on  Icklingham 
Heath  at  a  spot  about  a  mile  and  a  half  north  of  Icklingham 
St.  James,  also  at  Elvedon,  at  Lingheath,  south  of  Brandon, 
on  Santon  Downham  Warren  (east  of  Brandon),  and  at  Grimes 
Graves  (north  of  Brandon),  the  distance  between  the  fii-st  and 
last  locality  being  alx)ut  S\  miles.  Throughout  this  district 
the  same  succession  of  Hint  beds  could  be  recognised  in  evory 
excavation ;  each  bed  of  flint  has  its  own  particular  characters, 
and  was  given  a  special  name  by  the  workmen.  This  general 
succession  is  shown  in  Fig.  124,  which  is  that  of  the  Lingheath 
Pits.    They  were  seldom  deeper  than  45  feet. 

Some  variations  of  course  occur  in  the  thickness  of  the  individual 
beds  of  chalk  at  different  places,  and  consequently  in  the  distance 
between  one  layer  of  flint  and  another,  also  in  the  size  of  the  flints 
and  in  the  thickness  of  the  flint  flooi-s.  Thus  at  Icklingham, 
according  to  Mr.  Ashley,  who  worked  the  pits  there,  the 
"  Toppings  "  varied  from  5  to  12  inches,  the  "  Upper  Crusts  " 
from  6  to  18  inches,  the  Wall  Stone  from  12  to  18  inches,  and  the 
floor  stone  from  3  to  12  inches.  But  the  quality  of  each  flint  bed 
—that  is  to  say,  its  texture,  colour,  and  mode  of  fracture— seems 
to  be  almost  invariably  the  same.  Moreover,  the  three  layers  of 
marl  and  the  bed  of  hard  chalky  limestone  below  the  first  one 
occm:  in  the  same  order  wherever  they  have  been  traversed. 

Mr.  Skertchly  mentions  that  the  *'  floor  stone  "  w^as  found  7  feet 
below  the  smrface  in  sinking  a  well  at  Shakers  Lodge,  on  Wangford 
Rabbit  Warren,  which  is  important  as  indicating  the  probable 
Une  of  outcrop  of  the  above  series.  A  chalk-pit  close  to  the  lodge 
of  Elvedon  Park  showed  some  of  the  above-mentioned  beds  in  1875, 
as  noted  bv  Mr.  Skertchlw 

Ft.  in. 
Sand     --...-----         0-30 
White  chalk  with  scattered  horns  flints    -        -        -        -  11     0 

Pipe-clay  marl 04 

White  chalk        -       -       - 3     0 

Upper  crust  flints,  large  and  irregidar     -        -        -        -     0     8 

White  chalk -        -        -    4     6 

Wall  stone  (flints) 10 

White  chalk 4     0 

A  specimen  of  Echinocorys  scuta t us  was  found  here. 

Zone  of  Marsupites. 

The  existence  of  this  zone  in  Sufl'olk  has  only  recently  been 
proved  and  recorded  f  by  means  of  fossils  sent   to  me  by   the 

♦  See  Geolo;?y  of   S.W.   Norfolk   and   N.   Cambridgeshire,  being  the 
Explanation  of  Sheet  65,  p.  42  (1893). 
t  Seo  Proc.  Geol.  Assoc,  vol.   xviii.  p.  88. 
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Rev.  E.  Hill  and  Dr.  Holden,  of  Sudbury.  Plates  of  Uintacrinvs 
have  not  yet  been  found,  but  there  is  good  reason  to  believe  thtit 
the  lower  part  of  the  Marsupites  zone  is  represented  in  the  chalk 
which  is  quaiTied  at  and  near  Sudbury.  One  quarry  to  the 
north-east  of  the  to^vn  is  worked  to  a  depth  of  about  50  feet  in 
chalk  which  is  white,  soft,  and  contains  very  few  flints ;  from  it 
Dr.  Holden  obtained  fossils  which  belong  to  the  following 
species:— 

Lamna  appendiculata.  Ostrea  vesicularis. 
Oxjnrhina  sp.  „      semiplana. 

Actinocamax  granulatus.  Pecten  cretosus, 

„  varus.  Lima  Hoperi. 

The  Actinocamax  were  sent  to  Dr.  Rowe,  who  kindly  wrote  to 
the  eflfect  that  the  specimen  of  A.  granulatus,  with  its  scanty  and 
somewhat  feeble  granulation,  was  such  as  he  would  expect  to 
occur  in  the  zone  of  Marsupites  and  that  the  example  of  A.  verus 
was  similar  to  those  coming  from  the  Uintacrinus  band  of  that 
zone,  in  wliich  it  is  a  common  fossil.  He  was  consequently  of 
opinion  that  the  Sudbury  chalk  probably  belonged  to  the  band 
or  sub-zone  of  Uinta<rrinus, 

The  probability  of  this  reference  being  correct  is  greatly 
increased  by  the  discovery  of  a  plate  of  Marsupites  at  Monks 
Eleigh,  a  village  about  7  miles  N.E.  of  Sudbury.  This  plate  was 
found  by  Mr.  E.  Hill,  who  sent  me  the  following  particulars  : 
The  chalk  pit  from  which  the  fossils  came  is  in  **  Back  Lane  "  on 
the  south  side  of  the  brook  ;  it  has  a  face  about  8  feet  high  and 
20  feet  long,  and  the  chalk  is  soft,  white  and  damp ;  the  only 
flints  visible  were  one  or  two  isolated  nodules  ;  fossils  are  very 
scarce  and  the  only  organisms  found  beside  the  single  plate  of 
Marsupites  testudimarius  were  a  small  Ostrea,  fragments  of 
Inoceramus  and  Porosphoera  globularis. 

From  Monks  Eleigh  the  outcrop  of  the  Marsupites  ^one 
probably  runs  northward  by  Brettenham,  Felsham  and  Elms  well, 
but  that  district  is  deeply  covered  with  Glacial  beds,  so  that  no 
evidence  is  obtainable.  Further  north,  however,  the  chalk  comes 
to  the  surface  again  in  places,  and  it  has  been  quarried  near 
Wattisfield  and  Botesdale.  No  fossils  have  yet  been  recorded 
from  these  pits,  and  the  only  information  I  have  been  able  to 
obtain  is  that  published  in  the  Survey  Memoir  on  the  country 
round  Diss,  Eye,  &c.  (Explanation  of  Sheet  50  N.W.),  from  which 
the  following  is  quoted  : — 

'*  Chalk  is  shown  in  the  valley  at  Wattisfield  and  Botesdale. 
About  1 J  miles  north-west  of  Wattisfield  Church  is  a  pit  showing 
8  feet  of  soft  marly  chalk,  with  few  flints.  ...  At  Botesdale, 
west  of  Broom  Hills  Farm,  is  a  pit  showing  14  feet  of  soft  chalk, 
with  a  few  flints.  .  .  .  Due  north  of  the  church,  and  close 
by  the  road,  is  a  large  chalk-pit,  showing  20  feet  of  marly  and 
rubbly  chalk,  overlaid  by  patches  of  gravel.    A  layer  of  flints  in 
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the  lower  half  of  the  pit  showed  a  local  anticlinal  disturbance,  the 
flint  line  being  bent  up  on  one  side  to  an  aiiglo  of  45**. 

"  Near  Hinderclay,  one  mile  west  of  Rickinghall  Inferior  Chiu'ch, 
a  large  pit  showed  50  feet  of  soft  rubbly  chalk,  with  few  flints, 
and  with  a  Une  [seam]  of  tabular  flint  sHghtly  imdulating/* 

At  Diss  a  deep  boring  was  made  at  Mr.  Taylor's  brewery  in 
1834.  Of  this  two  accounts  exist,  both  of  which  are  given  in  the 
Memoir  alx)ve  quoted  (pp.  23  and  24).  They  do  not  differ  much, 
and  I  quote  below  the  one  which  seems  most  probable  ;  this  is  the 
account  communicated  to  Samuel  Woodward,  of  Norwich. 

Feet. 

Blue  clay  with  shells 50 

Sand  and  gravel      ".";*■-  -       -    60 

Chalk  nearly  white  without  flints  ------     80 

White  chalk  with  layers  of  flints 350 

Grey  chalk  with  lavers  of  white  chalk   -       -        -               -    60 
Blue  clay  with  chalk  stones 25 

615 

In  the  other  account  100  feet  is  assigned  to  the  white  chalk 
without  flints,  which  is  described  as  soft  and  marly ;  this  may 
possibly  belong  to  the  zone  of  ilarsupites,  as  long  ago  suggested  by 
Dr.  Ch.  Barrois  (Recherches,  p.  166).  The  "  chalk  with  flints  " 
would  then  include  the  zones  of  Micraster  coranguinum,  M,  cor- 
testvdinariumy  Holaster  planiLs,  and  Terebratvlina,  The  grey 
chalk  probably  represents  the  zone  of  Rhynchortella  Cuvieri, 
Respecting  the  blue  clay,  Dr.  S.  Woodward  has  left  a  note  that 
"  from  the  specimen  this  appeared  to  be  Chalk  Marl,"  but  this 
specimen  may  have  come  from  the  Belemnite  Marl  at  the  top  of 
the  Lower  Chalk. 

Zone  of  Actinocamaz  quadratus. 

The  most  westerly  pit  in  the  South  of  Suffolk  which  can  be 
referred  with  any  probability  to  this  zone  is  at  Nedging  near 
Bildeston  and  two  miles  east  of  Monks  Eleigh.  This  was  \isited 
by  Mr.  E,  Hill  who  found  and  sent  me  a  well-granulated 
specimen  of  Actinocamax  granulattLS,  stating  that  the  pit  is  over 
20  feet  deep  and  that  no  flints  were  visible  in  the  exposed  face 
but  a  few  were  lying  on  the  floor  of  the  pit.  The  only  other 
fossils  obtained  were  Ostrea  acutirostris  and  Bourgueticrinus  sp. 
(cylindrical).  The  chalk  here  must  be  on  the  confines  of  the 
Marsupites  and  Act,  quadratus  zones. 

In  the  valley  of  the  Gipping,  near  Needham  Market,  there  is 
also  chalk  with  very  few  flints,  and  as  Actinocamax  granulatvs 
has  been  found  at  one  locality,  the  chalk  here  doubtless  belongs 
to  the  zone  characterised  by  that  species.  The  followmg  notes  aie 
reprinted  from  the  Geological  Suney  Memoir  on  the  "  Geology 
of  the  Neighbourhood  of  Stowmarket,"  and  are  by  Messrs.  J.  H. 
Blake  and  F.  J.  Bennett. 


246  THE   CRfiTACEOUS  HOCKS  OF  BRITAm. 

*'  Barking  chalk-pit,  south  of  Needham  Market,  is  a  large  quarry. 
There  are  hardly  any  flints  to  be  seen  in  the  chalk  here."  Tlie 
following  fossils  weVe  found  by  Mr.  Blake  and  named  by  Mr. 
Etheridge  :  — 


Actinocamax  granulatus. 
Incx^ramiis  mytiloides  ? 
„  (larger  sp.). 


Ostrea  acutirostris. 
Retepora  ] 


"  The  large  chalk-pit  about  half  a  mile  south  east  of  Offton 
Church  shows  about  50  feet  of  marly,  blocky  chalk,  rather  soft, 
with  few  flints,  and  dipping  slightly  north-eastward." 

There  are  other  pits  in  similar  chalk  near  Little  Blakenham. 

"  Coddenham  chalk-pits,  a  mile  N.N.W.  of  the  church,  give 
fine  sections,  and  Mr.  Blake  got  a  few  fossils  here."  These  were 
identified  by  Mr.  Etheridge  as  Avicula  sp.,  Ostrea  acutirostris  ?, 
0.  normaniana,  0.  semiplana,  and  Terebratvla  semigldbosa. 

There  is  *'  a  large  chalk  pit  on  the  high  road  south-west  of  Clay  don 
Church,"  which  Mr.  Wliitaker  describes  as  showing  "  bedded 
chalk,  almost  flintless,  50  feet  or  more,"  and  containing  "  small 
species  of  Ostrea,  as  at  Needham  Market." 

About  two  miles  further  south,  at  Bramford,  is  another  large 
quarry,  for  particulars  of  which  I  am  indebted  to  Mr.  G.  H. 
Hewetson,  of  Ipswich  ;  this  quarry  on  its  eastern  side  presents  a 
face  of  about  130  feet  in  height;  the  chalk  is  white  where  not 
stained  yellow  by  infiltrated  colouring  matter ;  it  is  soft  but  firm, 
and  is  without  flints  except  for  one  layer  about  110  feet  from  the 
surface.  Many  fo^ils  have  l)een  obtained  from  this  quarry  by 
the  members  of  the  Ipswich  Scientific  Society,  and  those  sent  to 
'^e  for  identification  were  the  following : — 

Lamna  appendiculata.  Spondylus  lacus. 

Belemnitella  lanceolata  ?  Inoeeramus  sp. 

Actinocamax  granulatus.  Serpula  sp.  (5-angled). 

Ostrea  curvirostris.  Ecninocorjrs  scutatus. 

„      normaniana.  Offaster  pillula. 

„      vesicularis.  Coelosmilia  granulata. 
Pecten  cretosus. 

Mr.  R.  M.  Brydone  has  also  collected  from  Bramford  and  has 
kindly  sent  me  a  note  of  some  additional  species  which  are  in- 
corix)rated  in  the  Ust  on  p.  247. 

Zone  of  Belemnitella  Mucronata. 

No  good  evidence  of  the  existence  of  this  zone  in  Essex  or  in 
Suffolk  is  yet  forthcoming.  In  the  explanation  of  Sheet  47  of  the 
Geological  Survey  Map  (p.  22)  it  is  stated  that  Bd.  rrmcronata 
occm*s  in  the  chalk  below  the  Reading  Beds  at  Bishops  Stortford, 
but  this  requires  confirmation ;  it  may  have  been  Actinocamax 
granulatus,  which  has  elsewhere  been  mistaken  for  Bel,  mucronata. 

It  is  very  hkely  that  this  zone  does  occur  beneath  the  Drift  and 
Crag  to  the  east  of  Debenham  (in  Sheet  50  S.E.),  but  there  are 
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very  few  exposures  in  that  district,  the  only  one  noted  in  the  Survey 
Uemoir  on  tliat  sheet  being  an  old  pit  at  King's  Hill,  south  of  Earl 
Soham,  At  Eaaton  Park  a  boring  made  in  1873  is  said  to  have 
found  chalk  at  lOO  feet  from  the  surface,  and  to  liave  been  carried 
to  a  total  depth  of  550  feet,  but  no  particulars  respecting  the  chalk 
are  preserved  (op.  cU.  p.  50). 

Fossils  from  the  Upper  Chalk  of  Cambridge,  Essex  and 
Suffolk. 
The  following  list  of  fossils  from  ttiese  counties  has  been  compiled 
partly  from  the  lists  given  in  the  Memoirs  of  the  Geolo^cal  Survey, 
but  mainly  from  the  paper  referred  to  on  p.  235.  The  first 
colunn  includes  s)>ecies  foiuid  in  the  Chalk  Ilock  Beds  ;  the  second 
those  from  the  higher  iwit  of  the  //.  planus  zone  in  Cambridge 
and  Suffolk.    Tlie  letter  e=Es3ex,  c=Oambridgeshire,  8=Suffolk. 
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CHAPTER  XIX. 

TOE  UPPER   CHALK  IN   NORFOLK. 

General  Description. 

The  Upper  Chalk  of  Norfolk  has  been  much  more  thoroughly 
explored  than  that  of  Suffolk.  Several  active  geologists  lived  at 
and  near  Norwich  during  the  firat  half  of  this  century,  and  one  of 
them  (Samuel  Woodward)  pubUshed  in  1883  "  An  Outline  of  the 
Geology  of  Norfolk/'  in  which  he  divided  the  formation  into  four 
parts,  namely,  (1)  Upper  Chalk  with  many  flints ;  (2)  Medial 
Chalk,  with  few  flints  ;  (3)  Lower  Chalk  without  flints  ;  (4)  Chalk 
Marl ;  and  at  the  same  time  he  showed  on  a  small  geological  map 
the  extent  of  ground  occupied  by  each  of  these  several  divisions. 

C.  B.  Rose  (1835-1869)  foHowed  in  S.  Woodward's  footsteps, 
and  alwaj'B  maintained  the  propriety  of  the  arrangement  into 
Lower,  Medial,  and  Upper  Chalk,  pointing  out  that  certain  fossils 
are  characteristic  of  each  division.*  From  the  descriptions  given 
it  is  clear  that  their  Upper  Chalk  included  all  the  chalk  in  which 
Belemnites  are  common,  i.e.,  the  zones  of  Ostrea  lunata,  Bd.  vkucto- 
nata,  Act.  quadratus  and  Marsupites.  The  chalk  of  the  M.  coran- 
guinum  zone— that  in  which  many  Inocerami  and  the  two  species 
of  Infvlaster  occur  is  referred  to  the  "  Medial  Chalk,"  and  it  is 
correctly  stated  that  in  this  division,  which  includes  all  the  rest  of 
the  chalk  with  flints,  Belermiites  and  Ammonites  are  rare. 

Dr.  Barrois  explored  the  northern  border  of  Norfolk  in  1875, 
and  identified  the  same  zones  there  which  he  had  recognised  in 
other  pai-ts  of  the  county.f  The  Geological  Survey  of  the  county 
was  begun  in  1875,  and  completed  in  1883,  and  Mr.  W.  Hill 
subsequently  examined  the  chalk  of  West  Norfolk ;  memoirs  ex- 
planatory of  all  the  sheets,  which  include  parts  of  Norfolk,  have 
been  published.  Moreover,  the  fossil  collector  of  the  Survey 
(Mr.  Rhodes)  has  at  different  times  collected  from  various  horizons 
in  the  chalk,  both  in  western  and  central  Norfolk.  The  conse- 
quence is  that  a  fairly  complete  account  of  the  Norfolk  Chalk  can 
now  be  given,  and  the  course  of  some  of  the  zones  can  be  roughly 
indicated  (see  map  Fig.  59). 

One  interesting  feature  in  the  Chalk  of  this  county  is  that 
beds  are  exposed  near  Trimingham  which  appear  to  be  com- 
parable with  the  chalk  of  Maestricht,  in  Belgium,  and  of  RUgen,  in 

•  See  Geol.  Mag.,  Vol.  iv.,  p.  30  (1867). 

t  See  Recherches  sur  le  Terr.  Cr^t.  Sup.,  p.  156  (1876). 
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Pomerania,  and  are  thus  higher  and  newer  than  anv  other  chalk 
in  England. 

With  regard  to  the  thickness  of  the  Upper  Chalk  and  of  the 
Chalk  as  a  whole  in  Norfolk,  data  for  a  rough  calculation  are  afford- 
ed by  two  deep  borings,  one  made  at  Norwich  in  1868,  and  one  at 
Holkham  Hall  in  1867.  The  accounts  which  have  been  given  of 
these  borings  differ  in  some  particulars,  but  the  following  are  thoee 
generally  regarded  as  most  trustworthy  :— 


Boring  at  Norwich. 

Feet 

Alluvium 12 

Chalk  with  flints  at  distances 

of  6  or  7  feet  apart  -  -  500 
Soft  chalk  of  a  rusty  colour  -  10 
Harder   chalk    with   flints   as 

above 190 

Hard  chalk  with  flints  about 

about  4  feet  apart  -  -  350 
Chalk  without  flints  -  -  102 
Greensand  and  Gault  (base  not 

reached)        -       -       -       -      42 


e 


1,206 


Boring  at  Holkham  Hall 

Gravel 

Chalk  with  flints,  the  last  of 
three  masses  of  flint,  each 
3  to  4  feet  thick,  at  a 
depth  of  510  feet      - 

Chalk  without  flints    - 

Red  marl  [  =  •' Red  Clialk"]- 

Blue  gault     -       -       -       - 

Sandstone  and  sand 

Stiflf  clay,  touched- 


Feet. 
20 


519 

116 

8 

10 

70 


743 


The  total  thickness  of  chalk  proved  in  the  Norwich  boring  is 
1,152  feet,  but  as  the  boring  was  at  the  level  of  the  river  alluvium, 
and  the  chalk  rises  to  alx)ut  40  feet  alx)ve  it,  the  total  thickness  at 
Norwich  is  1,192  feet.*  Again,  the  Trimingham  chalk  being 
newer  than  any  at  Norwich,  and  its  thickness  at  Mundcsley  being 
probably  over  100  feet,  a  further  addition  must  be  made  for  it, 
bringing  the  total  up  to  1,292,  or  in  round  numbers  1,300  feet,  as 
th<^  probable  thickness  below  eastern  Norfolk. 

With  respect  to  the  thicknesses  of  the  several  zones  the  Holk- 
ham boring  gives  us  some  assistance.  In  it  the  116  feet  of  chalk 
without  flints  must  include  the  Lower  Chalk  (?  56  feet),  the  zone  of 
RhyncJwnella  Cuvieri  (?  40  feet),  and  a  little  of  the  Terebratulina 
zone  (20  feet).  Probably  another  90  feet  may  be  assigned  to  the 
zones  of  Terebratulina  and  Hoi.  planus.  This  accounts  for  206 
feet  out  of  a  total  of  635,  but  as  the  boring  commences  in  the 
Marsupites  zone,  the  upper  70  or  80  feet  probably  belongs  to  that 
zone,  leaving  about  350  for  the  Micraster  zones  that  intervene. 

In  the  Norwich  boring  the  total  thickness  of  the  chalk  con- 
taining Hints  is  said  to  \ye  1,050  feet ;  if  we  assume  that  440  feet 
of  this  belongs  to  the  Terebratulina,  H.  planus  and  Micraster  zones, 
we  have  610  feet  left  to  represent  the  zones  of  Marsupites, 
Actinocamax  quadratus  and  Belemnitella  frmcronata,  to  which  40 
feet  must  be  added  for  chalk  above  the  level  of  the  river.    Taking 


H.  B.  Woodward,  Geology  of  Norwich,  Mem.  Qeol.  Survey,  p.  9. 
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all  things  into  consideration  \ve  may  VentUl*e  on  the  following 

approximate  thickneaded  :— 

PeeL 

Zone  of  Oitrea  lanata -       -       -  lio 

2oQd  of  Belemnitella  mucronata  -        ^        -        -        -        -  250 

Zones  of  Act.  quadratus  and  Marsupites    -        -        -        -  400 

Zones  of  M.  coranguinum  and  M.  cortestudinarium  -        -  340 

Zone  of  Holaster  planus     -----^4  60 

Middle  and  Lower  Chalk    *.****.--  150* 


1,290 

We  have  here  included  the  whole  of  the  zone  of  Holaster  planus  in 
the  Upper  Chalk,  thus  making  its  thickness  1,140  feet,  but  as 
stated  in  Volume  II.  p.  473  it  is  possible  that  some  of  the  H.  planus 
chalk  really  belongs  to  the  Middle  division,  and  there  is  at  present 
no  definite  base  line  to  the  Upper  Chalk  of  Norfolk. 

Stratigraphical  Details. 

Zone  of  Holaster  planus. 

Only  one  section  of  this  zone  has  been  seen  in  the  southern 
part  of  Norfolk  ;  this  is  in  the  cutting  on  the  railway  which  com- 
mences about  2  miles  west  of  Swaffham  Station  ;  the  locality  was 
visited  by  Messrs.  W.  Hill  and  W.  WTiitaker  in  1886,'t'  and  subse- 
quently by  the  former  alone  in  1897  ;  the  following  account  of 
it  is  from  Mr.  Hill's  later  notes  :  — 

At  the  western  end  of  the  cutting  white  chalk  with  grejdsh- 
black  flints  and  containing  Holaster  planus  is  exposed  for  some  50 
yards,  dipping  gently  to  the  eastward.  Near  the  eastern  bridge 
a  layer  of  large  grey-black  flints  comes  in,  and  about  2 J  feet  above 
this  there  is  a  becl  of  hard  semi-crystalline  creamy-white  chalk, 
about  10  inches  thick,  lumpy  or  nodular  at  the  top,  and  overlain 
by  4  inches  of  very  marly,  buff-coloured  chalk.  The  hard  bed 
contains  a  fair  number  of  fossils,  and  the  following  were  found  by 
Messrs.  Hill  and  Whitaker  :— 

Tcrebratula  semiglobosa. 
Holaster  planus. 
Micraster  sp. 
Cidaris  (spines). 
Cyphosoma  radiatum. 

Thus  both  in  its  lithological  characters  and  in  its  fossils  this  bed 
resembles  the  Chalk  Rock,  but  it  does  not  contain  glauconite  nor 
ftny  green-coated  nodules. 

The  marly  chalk  is  succeeded  by  white  chalk  with  flints,  and 
in  this  Echinocorys  scutatus  occurs,  but  was  not  found  below. 

*  The  102  feet  of  chalk  without  flints  below  Norwich  is  less  than  would 
be  expected  from  the  thickness  of  such  chalk  at  the  outcrop  near  Marham, 
where  there  must  be  at  least  130  feet,  but  it  is  quite  possible  that  the  Lower 
and  Middle  Chalk  become  thinner  toward  the  west. 

t  See  Geology  of  South- Weatern  Norfolk,  etc.,  Mem.  Qeol.  Survey,  p.  39, 
(1893).  :  ,        ) 


Lamna  (tooth). 
Inoceramus  (fragments). 
Rhynchonella  plicatilis  (large). 

„  reedensLs. 

Terebratula  carnea. 
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^iicr(ldlei  c6ifarn^\JsinurA  aild  Indceramus ;  /rorh  the  *3coilcl 
Mr.  Ithddea  cdlledted  tnodefdrnifud  irMtutt^t  In*  TjaTryareki,  Pecten 
6reto^u8,  and  a  ^pOndytv^i 

A  little  further  norrth,  and  leas  thaii  a  mile  we^  (rf  A^hill,  ifr. 
J".  H.  Blake  found  a  large  pit  showing  30  feet  otf  beddeil  dhalk  with 
layers  of  flint  nodule.  A  few  fossils  were  foiiild  here  hy  Mr. 
tthdd^,  via.,  CosiyifTiopdra  ^rwunciali^y  Parasmilia  terUraUsi 
a  Cidaris  spine,  and  tnoceravlv^  (dfi  Bfon^niafti);^ 

Swaffham  has  long  been  known  as  a  locality  for  C/halk  fdssils^ 
and  lists  were  published  by  S.  Woodward  and  C.  B.  Bose,  but  no 
careful  collecting  has  been  done  there  in  recent  years. 

R.  C.  Tavlor  has  remarkedf  that  the  disposition  of  the  flints 
in  the  Swaffham  chalk  is  peculiar,  **  two  layers  forming  a  pair  being 
83t  at  a  distance  of  a  foot  apart  and  each  pair  at  the  distance  of 
several  feet  from  the  next  pair.''  Mr.  Rose  also  remarked  on  the 
grait  size  of  the  tabular  flints,  "  many  of  them  8  or  more  feet  in 
l9n;?th  anl  from  9  to  12  inches  in  thickness.^'J  As  these  observa- 
tions do  not  apply  to  the  chalk  in  the  quarry  seen  by  Mr.  Hill  west 
of  Swaffham  Station,  they  must  refer  to  that  exposed  in  some  of 
the  old  pits,  of  which  there  are  many  to  the  south  and  west  of 
Swaffham.  There  are  also  old  quarries  near  Castle  Acre,  four 
miles  to  the  north,  and  at  the  Lexhams. 

Litcham,  about  seven  miles  north-east  of  Swaffham,  is  another 
place  where  chalk  has  been  quarried,  and  from  which  C.  B. 
Rose  obtained  fossils.  A  quarry  was  still  worked  here  in  1883  to 
the  north-east  of  the  church,  and  showed  about  25  feet  of  chalk 
with  5  or  6  layers  of  black  flint  nodules  and  a  few  large  irregular- 
shaped  flints.§  There  is  another  quarry  about  half  a  mile  S.S.W. 
of  Litcham,  in  which  a  few  fossils  were  found  by  Mr.  Rhodes. 

To  the  north  of  Litcham,  Lexham,  and  Rougham  the  Chalk 
is  deeply  covered  by  Boulder  Clay,  and  little  of  it  is  again  seen  till 
we  come  to  the  valley  of  the  Creake  River.  Here  at  South  Creake 
there  is  a  pit  over  20  feet  deep  in  rather  hard  chalk  with  layers  of 
flints  which  are  dark  grejdsh-black  inside.  This  pit  has  been 
visited  by  Prof.  Barrois  and  by  Mr.  W.  Hill,  who  both  refer  it  to 
the  zone  of  Micraster  caranguinum.  Mr.  Rhodes  has  also  collected 
from  it  and  the  neighbouring  pits,  and  the  fossils  obtained  are 
included  in  the  list  on  p.  265. 

The  pits  at  Bumham  Overy,  north  of  the  church,  and  east  of 
Burnham  Thorpe,  are  in  the  same  beds,  but  fossils  are  less  common. 

•Geology  of  the  Country  around  East  Dereham  p.  11  (1888). 
t  Trans.  Geol.  Soc.,  Ser.  2,  Vol.  i.  p.  378  (1824). 
t  Phil.  Mag.,  Ser.  2,  Vol.  vii.  p.  370  (1836). 

§  See  note  by  H.  B.  Woodward  in  the  Geology  of  th^  Country  aroun^ 
E^ast  r|ereham,  Mem,  Qeol,  Survey  p,  10  (188^ 
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2.  Zones  of  Kanupites  and  Actinocamax  qnadratns. 

These  zones  cannot  be  separated  in  Norfolk  without 
more  careful  exploration  than  has  hitherto  been  bestowed 
upon  them,  but  Belemnites  identified  as  Actinocamax  granulatus 
and  Act.  quadratus  occur  throughout  a  considerable  thickness  of 
chalk.  Tim  chalk  enters  Norfolk  between  Brettenham  and  Diss, 
and  runs  northward  in  a  broad  band  to  the  west  of  Wymondham, 
Beepham,  and  Holt  (see  Map,  Fig.  59.) 

Mr.  Bennett*  notes  that  a  large  pit  north-west  of  Bridgeham 
shows  20  feet  of  soft  thin-bedded  chalk  with  a  few  flints,  and  that 


•  •.••...•■•••••.•'• 

•  .  :  •  •«    •    • .  • 
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Fio.  61. — Section  in  a  Quarry  south-west  of  Ringland  Church. 

Glacial  eda.   1^'  ^^^^^  ^^^  ^'^^• 
16.  Brown  stony  loam. 

p^kki..  c««:^-    /c-  Ash-coloured  pebbly  sand. 
Pebbly  Series.  |^   Qrange-coloufed  sand. 

Chalk.  =e.  Soft  white  chalk  with  some  flints. 

Mr.  Rhodes  obtained  a  few  fossils  from  it,  including  a  Belemnite 
{AxA.  verus  ?).  In  another  pit,  one  mile  W.S. W.  of  Banham,  he 
saw  "  15  feet  of  soft  rubbly  chalk  with  flints,"  and  from  this  Mr. 
Rhodes  obtained  Actinocamax  granulatus  and  other  fossils. 

To  the  northward,  within  the  area  comprised  by  sheet  66  N.W., 
there  are  many  exposures  of  chalk  containing  Actinocamax  which 
are  either  A.  granulatus  or  A.  quadratus,  and  the  pits  have  been 
described  by  the  late  Mr.  J.  H.  Blake,  in  a  memoir  on  the 
country  round  East  Dereham  (1888).  From  this  memoir  the 
following  general  account  has  been  compiled  : — 

Near  Bingland  there  are  five  or  six  pits  which  expose  chalk 

•Geology  of  th^  Country  around  Attleborough,  Mem.  Qed.  Survey, 
p.  4  (1884). 
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beneath  a  variable  thickness  of  pebbly  sands  and  glacial  drift.  Fig. 
61  represent  sone  of  these,  south-west  of  the  church.  Another, 
N.N.E.  of  the  church,  shows  18  feet  of  chalk,  and  there  is  also  a 
good  flection  half  a  mile  south  of  the  church.  In  all  the  chalk  is  soft, 
and  contains  a  fair  number  of  flints,  black  inside,  of  very  irregular 
shapes  and  irregularly  distributed,  seldom  along  lines  of  bedding. 
Act.  granulatus,  Rhynchondla  limbata^  and  other  fossils  were 
collected  by  Mr.  Rhodes. 

Similar  chalk  with  Act.  granulattts  is  seen  in  a  pit  over  half  a 
mile  south-east  of  Lyng,  and  also  half  a  mile  north  of  Swanton 
Morley.  In  the  latter  12  to  17  feet  of  chalk  is  shown,  "  soft, 
thinly-bedded,  and  containing  very  irregular-shaped  black  flints 
with  white  coating  (one  20  inches  long  and  4  thick),  also  lumps  of 
iron  pyrites  from  3  to  4  inches  in  diameter.'* 

Chalk  of  the  same  description  is  found  near  Attlebridge,  Swan- 
nington,  Alderford,  Great  Witchingham,  Sparham,  Banbury  and 
Billingford.  The  chalk  seen  in  the  pits  at  these  places  is  described 
by  Mr.  Blake  in  similar  terms,  flints  always  occurring,  but  generally 
scattered,  and  if  in  lines  with  intervals  between  the  nodules,  so  that 
they  are  much  less  numerous  than  in  the  zone  of  M.  corcmguinum 
to  the  westward.  Specimens  of  Actinocamax  which  appear  to  be 
A.  quadratus  were  found  at  most  of  the  places  above  mentioned, 
with  Ostrea  acutirostris  at  Billingford,  but  no  plates  of 
Marsupitea  were  found   at  any  locality  in  this  district. 

Chalk  with  the  same  lithological  and  palaeontological  characters 
passes  northward  through  the  area  comprised  within  sheets 
68  S.W.  and  68  N.W.,  and  has  been  described  by  Mr.  H.  B. 
Woodward.    From  his  memoir*  the  following  passages    are  taken  : 

At  Guist  and  Bintree,  west  of  Foulsham,  there  are  pits  showing 
soft  chalk  with  a  few  scattered  flints,  and  at  both  places  Mr. 
Rhodes  found  many  specimens  of  Actinocomax  granvlatus  and 
an  oyster-bed  full  of  Ostrea  acutirostris. 

At  Houghton-in-the-Dale  the  chalk  is  comparatively  hard,  and 
in  the  limekiln  pit  Mr.  Rhodes  found  an  oyster-bed  with  0.  dcuti- 
rostris  at  about  10  feet  from  the  surface,  as  well  aa  Act.  granvlatus 
and  many  plates  of  Marsupitea.  Marsupites  were  also  found  in 
a  pit  at  Thorpland  associated  with  Act.  granulatvs,  Avicula  sp. 
and  Echinocorys. 

Near  Wells  there  are  several  exposures  both  in  pits  and  in  the 
railway  cuttings  in  firm  chalk  with  the  usual  flints  and  some 
small  spherical  flints  containing  sponge  remains,  which  have  been 
identified  by  Dr.  G.  J.  Hfade  as  Plinthosdla  squamosa.  This 
chalk  was  identified  by  Dr.  Barrois  in  1876  as  belonging  to  his  zone 
of  Marsupites,  and  though  he  did  not  find  that  fossil  he  obtained 
Act.  quadratus,  Inoceramus  lingua,  and  some  others. 

*  Geology  of  the  Country  Bound  Fakenham,  Wells  and  Holt,  Mem. 
Geol.  Survey,  pp.  5-10,  (1884), 
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I  also  visited  Wells  in  1875,  and  found  the  chalk  worked  in  a 
quarry  by  the  railway,  three  quarters  of  a  mile  south-east  of  the 
station,  rising  in  places  to  the  surface  but  trenched  elsewhere  by 
hollows  filled  with  drift.  In  another  pit  to  the  south-east  25  feet 
of  chalk  was  shown  with  courses  of  nodular  flints  at  distances  of 
6  or  8  feet  apart,  and  with  a  thin  continuous  seam  of  flint ;  a  seam 
of  grey  marl  about  two  inches  thick  occurred  about  15  feet  from  the 
surface ;  bedding  horizontal.  From  this  pit  Mr.  Rhodes  obtained 
Belemnites  which  have  been  identified  as  Beleianitdla  mucronata 
and  AdiruxxLwjobx  quadratu8 1 

A  pit  at  the  north-west  end  of  the  town  (Bases  Lane)  showed 
rather  lumpy  chalk,  with  indistinct  bedding,  a  continuous  seam 
of  flint  and  scattered  flint  nodules.  I  obtained  Act.  granulatua  f 
Echinocorys  aeutatiLS,  and  an  Inoneramus,  but  fossils  were  rather 
scarce  at  both  loccdities. 

At  Holkham  a  pit  and  a  railway  cutting  have  yielded  Act. 
quadratiLs  ?,  Ostrea  dcutirostria  and  0,  vesicularis. 

Chalk  is  exposed  at  and  near  Stiffkey,  three  miles  east  of  Wells, 
but  no  fossils  were  found. 

Zone  of  Belemnitella  mucronata. 

The  chalk  of  this  zone  is  only  exposed  here  and  there  along  the 
course  of  the  valleys  which  traverse  the  eastern  part  of  the  county, 
being  for  the  most  part  covered  by  the  Crag  and  Drift  Deposits. 

It  was  formerly  much  quarried  near  Norwich,  and  many  fossils 
were  obtained  by  a  former  generation  of  geologists,  notably  by 
S  Woodward,  the  author  of  "An  Outline  of  the  Geology  of  Norfolk 
(1833)."  The  following  account  is  taken  chiefly  from  the  Memoir 
on  the  Geology  of  the  country  around  Norwich  by  Mr.  H.  B. 
Woodward  (grandson  of  S.  Woodward). 

The  chalk  near  Norwich  is  soft  and  white  with  a  clean  and  even 
fracture,  splitting  into  long  wedge-shaped  or  lenticular  beds  along 
planes  which  appear  to  be  nearly  horizontal  joints  rather  than 
planes  of  original  bedding.  Flint  nodules  occur  at  irregular  inter- 
vals, but  generally  in  lines  which  seem  to  mark  out  the  true  strati- 
fication of  the  chalk.  Besides  these  layers  of  flint  nodules,  which 
occur  at  varying  intervals  of  from  2  to  6  feet  apart,  there  are  also 
some  very  large  flints  known  as  pol^stones  or  "  paramoudras  "  ; 
these  are  rudely  cylindrical  or  cup-shaped  with  a  central  cavity, 
they  are  often  2  or  3  feet  in  height  with  a  width  of  1  or  2  feet,  but 
some  have  been  found  over  6  feet  high ;  they  generally  occupy  a 
vertical  position  and  occur  both  in  and  between  the  layers  of  ordi- 
nary flints. 

Many  fissures  and  fractures  occur  in  the  chalk,  and  sometimes 
it  is  locally  bent  into  ciu:*ve8  and  flexures  which  have  been  attributed 
to  the  forcible  impact  of  ice. 

6821  B2 
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In  the  valley  of  the  Yare  the  chalk  is  not  exposed  further  ea»t 
than  Postwick  and  Surlin^^ham.  In  the  valley  of  the  Bure  it 
appears  as  an  inher  extending  from  Aylsham  to  Wroxham.  On 
the  northern  coast  it  is  exposed  from  Weyboum  to  Bunton,  and 
thence  at  intervals  on  the  shore  to  Cromer.  Mr.  C.  Beid  writes  : — 
"  Between  Weybourn  and  Cromer  the  chalk  is  soft  with  many 
flints,  in  fact,  at  Bunton  flints  are  so  abundant  that  on  the  tmvehure 

they  often  form  a  nearly  continuous  reticulated  pavement 

From  Old  Hithe  to  Cromer  paramoudras  are  common,  and  there 
are  [alao]  numerous  rings  of  flint,  commonly  3  to  6  feet  in  diameter, 
often  containing  smaller  rings,  with  sometimes  a  paramoudra  in 
the  centre  (see  I^g.  62). 


Fig.  62.— Plan  of  Flint-rings  on  th«  foreshore  at  Ronton. 
Scale,  2  feet  to  an  inch. 
"  Perfect  circles  were  measured  up  to  9  feet  across,  and  one 
irregular  oval  was  15  feet  .  .  .  They  are  mere  shallow  rings 
about  10  inches  or  a  foot  in  depth  and  not  sections  of  cups,  for  when 
traced  downward  they  never  show  a  cup-shape  or  any  tendency 
to  a  narrowing  of  the  circle.  Though  sponges  are  very  abundant 
no  definite  connection  can  be  traced  between  the  shape  of  the  sponge 
and  that  of  the  ring  or  paramoudra,  for  irregular  sponges  appeai 
to  occur  indifferently  in  the  chalk  or  in  Hint. 

"  Fossib,  except  sponges,  are  not  very  plentiful,  though  Bdem- 
niteUa  mucranata  and  fragments  of  Inoceramua  are  common  .  .  . 
From  the  general  character  of  the  chalk  it  appears  to  correspond 
with  that  of  Norwich,  but  the  fossils  have  yet  to  be  collected  and 
compared."* 

Mr.  Brydone  informs  me  that  the  chalk  at  West  Bunton 
contains  many  fossils,  Echinocorys  scutatua  being  common,  and 
bearing  many  Bryozoa,  including  Homaloatega  jxivonia.  He 
thinks  this  chalk  may  lie  in  a  syncline,  and  be  nearer  the  zone  of 
0.  lujmta  than  that  seen  at  Cromer. 

*  The  Geologj'  of  the  Country  Arouod  Cromer,  by  C.  Beid,  Hem.  Oed. 
Surrey,  p.  3.  (1888). 


Zone  of  Ostrea  Innata. 

Thia  zone  (see  p.  12)  ia  only  exposed  in  the  bluffs  and  on  ths 
foi'eshore  near  Trimingham  and  Mundeal&y.  It  rises  above  the 
beach  at  two  places,  but  one  of  these  prominences  has  now  been 
almost  entirely  worn  away.  The  following  account  of  the  most 
northerly  mass  is  from  notes  taken  by  myself  in  1875,  and 
published  in  1880*:— 

"  The  mass  of  chalk  is  about  35  yards  long,  and  about  30  feet 
high,  ending  on  each  side  with  a  nearly  perpendicular  face,  .... 
and  it  is  clear  that  much  chalk  has  been  carried  away  from  both 
ends ;  (see  Fig.  63).  the  front  face  stands  out  8  ra:  9  yards  from  the 
base  of  ^is  talus  (from  the  foundering  cliffs). 

"  The  chalk  contains  bands  of  flints  at  distances  of  from  2  to 
3  feet  apart.    Some  of  these  are  hard,  black,  and  compact,  but  the 


Fig.  63.— Sketch  of  Northern  Bluff,  Tnminifhani,  in  187^ 
From  Ann.  Mag.  Nat.  Hist.,  Ser.  D,  ToL  VI.,  p.  'Me. 

majority  are  only  halt  silicified,  being  hollow  or  partly  filled  with 
a  grey,  chalky  matter,  which  b  gritty  to  the  touch,  and  is  full  of 
spoi^e  spicules  and  minute  organiams.  The  flints  are,  moreover, 
surrounded  with  similar  greyish  chalk,  which  sometimes  forms  a 
band  connecting  two  or  more  together.  This  greyish  chalk  also 
occurs  in  places  without  enclosing  any  flinty  matter,  and  gives  a 
mottled  appearance  to  the  mass.  Between  the  layers  of  flint 
nodules  the  rock  is  full  of  a  small  curved  species  of  oyster  (now 
identified  as  Ostrea  lunata).  Belemnitella  vmcrojiata  ia  also 
common,  and  there  are  many  other  fos^ls,  but  the  best  specimens 
are  adherent  to  the  flints. 

"  If  the  measurements  above  given  be  compared  with  those  of 
Sir  Oh.  Lyell,  and  the  mass  in  its  present  state  be  compared  with 

*  The  Chdk  Bluffs  of  Trimnuagham,  Ann.  Mag.  Nat.  Hut.  Ser.  5, 
Vol.  vL  p.  305. 
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the  figure  in  the  early  editions  of  the  **  Principles  of  Geology  *' 
(reproduced  in  Fig.  64)  it  will  be  seen  that  it  has  now  only  one- 
third  of  the  length  it  possessed  in  1839  (viz.,  106  yards).  Originally 
the  front  face  seems  to  have  exhibited  a  complete  synclinal  curve, 
with  more  than  half  of  the  corresponding  anticlinal  at  the  southern 
end;  but  now  only  the  centre  of  the  synclinal  is  left,  the  beds 
rising  very  slightly  to  the  southern,  and  more  decidedly  towards 
the  northern  end." 


Fio.  64.— The  Northem  Bluff,  Trimingham,  1839  (after  Lyell). 

a.  Chalk. 
!  6.  Sand. 

c.  Boulder  Clay. 

With  regard  to  the  dip  of  the  beds,  as  viewed  from  the  sides,  some 
difference  of  opinion  has  existed.  It  is  seldom,  indeed,  that  a  clear 
section  is  exhibited  by  the  side  face,  for  the  chalk  breaks  away 
along  joint-planes  which  are  often  discoloured.  Mr.  Clement 
Reid,  however,  had  opportiinities  of  visiting  the  spot  after  winter 
storms.had  cleared  the  section,  and  he  discovered  that  the  beds 
are  bent  into  a  sharp  curve  or  loop,  and  are  so  flexed  as  to  be  hori- 
zontal in  one  place  and  nearly  vertical  in  another.  The  diagram 
(Fig.  65)  is  an  enlargement  of  part  of  the  section  drawn  by  Mr. 


Fig.  65.— Northern  Bluff,  side  view  in  1878,  (after  C  Reid). 


a.  Chalk, 
c.  Sand. 


b.  Boulder-day. 
d.  Contorted  Drift. 


Reid.*  The  continuous  line  in  the  chalk  indicates  the  position  of 
a  bed  of  gritty  or  sandy  chalk,  observed  by  Mr.  Reid,  about  12  inches 
thick.    An  analysis  of  this  bed  will  be  found  on  p.  359. 

Still   more   recently  the   Trimingham   chalk  has   been  again 
explored  by  Mr.  Reid  and  by  Mr.  R.  M.  Brydone,  both  of  whom 

*See  Qed  Mag.,  Dec.  2,  Yd.  vii.  p.  55  (1880). 
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have  made  large  collections  of  fossils,  and  have  kindly  placed  the 
following  information  at  my  disposal.* 

Mr.  Beid  informs  me  that  the  chalk  exposed  is  divisible  into 
two  portions,  which  may  be  regarded  as  sub-zones,  and  are  sepa- 
rated by  the  sandy  bed  seen  in  the  northern  bluff.  In  the  lower 
bed  the  large  Ostrea  vesicularis  is  common,  but  does  not  range 
above  the  sandy  layer;  while  Ostrea  lunata  and  Theddium 
veTmicuLare  are  confined  to  the  upper  beds  in  which  they  are 
abundant.    For  figures  of  these,  see  pp.  23  and  25. 

Mr.  Brydone  confirms  the  above  remarks,  and  is  incUned  to 
think  that  four  different  beds  are  distinguishable  in  this  chalk. 
He  also  measured  the  southern  bluff,  and  found  that  it  extends 
along  the  shore  for  about  110  yards,  but  the  northern  part  is  low 
and  the  southern  part  is  not  more  than  30  feet  in  height.  In 
the  southern  part  the  upper  beds  are  clean  and  white,  the  lower 
beds  are  mottled  by  small  irregular  patches  of  greyish  chalk. 
The  dips  shown  by  the  layers  of  flints  indicate  a  low  anticlinal 
arch,  the  strike  of  which  seems  to  be  iutersected  by  the  seaward 
face.  The  lowest  bed  seen  in  the  centre  of  the  arch  is  a  hard 
rough  yellowish  chalk,  in  which  occurs  a  curiously  shaped  variety 
of  Echinocorys  acutatus,  with  a  very  thick  test.  Above  this  are 
about  9  feet  of  mottled  chalk  without  Ostrea  lunata,  and  then 
about  20  feet  in  which  0.  lunata  is  common. 

The  northern  part  of  this  bluff  consists  of  soft  marly  chalk 
which  differs  from  tnat  of  the  southern  part ;  it  does  not  contain 
Ostrea  lunata,  though  it  has  3rielded  most  of  the  other  fossils  of 
the  zone.  The  flints  too  are  different,  and  Mr.  Brydone  thinks 
that  it  is  separated  from  the  southern  part  by  a  fault. 

Mr.  Brydone  also  discovered  another  exposure  of  chalk  on  the 
foreshore,  near  Mimdesley,  and  over  half  a  mile  south  of  the  two 
bluffs.  This  is  probably  rarely  clear  of  sand,  but  was  exposed  in 
August,  1898,  a  block  of  chalk  25  feet  long,  six  feet  wide,  and 
2  feet  high  standing  out  of  the  sand.  The  beds  appeared  to  dip 
at  about  5**  in  a  southerly  direction,  and  in  character  and  in  fossils 
resembled  those  of  the  northern  bluff. 

In  the  same  year  (1898)  a  well  was  sunk  in  Mundesley, 
which  passed  through  Glacial  and  Pliocene  Beds  into  th<^  chalK 
of  the  0.  lunata  zone.     Mr.  C.  Reid  informs  me  that  tht  well 

passed  through  the  following : — 

Feet. 
Pleistocene  and  Pliocene  Beds  -       -       -       --       -       -89 

Chalk  with  Ostrea  Iwnata  and  a  layer  crowded  with  that  shell 

at  119  feet 61 

Chalk  with  flints — no  fossils  obtained 50 

200 

♦  Mr.  Brydone  has  published  his  notes  under  the  title  of  **The 
Stratigraphy  and  Fauna  of  the  Trimmingham  chalk  '•  (Dulau  &  Co., 
1000).  . 
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He  believes  from  the  character  of  the  chalk  and  flints  below 
150  feet  that  all  the  chalk  traversed  (111  feet)  belongs  to  the 
zone  of  Ow  lumata. 

It  will  be  seen  from  the  following  list  of  fossils,  that  a  number 
of  species  occur  in  the  zone  of  Ostrealunata,  which  are  not  found 
in  the  zones  below,  and  most  of  these  are  Rtlgen  and  Maestricht 
species.  Bryozoa,  too,  are  very  abimdant,  both  in  the  chalk  and 
in  the  rough  hollow  flints,  and  many  of  the  species,  such  as 
Packydera  qrandis^  Salcooava  costulata,  Homalostega  erecta, 
H.  vetpertilio  and  Eschara  galeata.,  are  characteristic  of  the 
Btlgen  chalk. 

List  of  Fossujs  from  the  Upper  Chalk  of  Norfolk. 

The  following  list  has  been  compiled  from  several  sources  :— 

The  species  recorded  by  Professor  Ch.  Barrois  in  his  **  Re- 
cherches  sur  le  TerraLn  Cr6tac6  de  TAngleterre  "  (1876). 

The  lists  given  in  those  memoirs  of  the  Geological  Survey 
which  describe  the  western  and  central  parts  of  Norfolk  (Sheets  65, 
66,  68,  and  69  of  the  Survey  Map). 

A  long  list  of  the  fossils  foimd  near  Norwich  was  given  by  Mr. 
H.  B.  Woodward  in  his  Memoir  on  the  G-eology  of  the  Goimtry 
Around  Norwich  (1881).  The  nomenclature  of  these  lists  has 
been  revised,  and  some  species  of  doubtful  occurrence  have  been 
omitted.  It  is  also  possible  that  some  which  have  l)een  quoted 
from  the  Norwich  Chalk  were  not  really  obtained  at  that  place, 
but  from  other  locaUties  in  East  Norfolk. 

The  species  recorded  from  the  Norwich  Chalk  in  the  mono- 
graphs on  the  Cretdceous  Echinodermata,  Actinozoa,  and  Bradiio- 
pocUi,  published  by  the  PalsBontographical  Society. 

The  fossils  from  the  Norwich  Chalk  in  the  Woodwardian 
Museum,  Cambridge,  a  list  of  which  has  been  commimicated  by 
Mr.  H.  Woods. 

For  the  numerous  entries  in  column  five  (Trimingham 
Chalk)  I  am  mainly  indebted  to  Mr.  R.  M.  Brydone,  who  collected 
largely  from  this  chalk  in  1899,  and  published  a  list  in  1900. 
In  the  deftermination  of  the  species  he  received  great  assistance  from 
Professor  Deecke,  of  Greifswald,  to  whom  most  of  the  fossils 
were  sent  for  comparison  with  those  found  in  the  Chalk  of 
Btlgen.  Mr.  Brydone  has  communicated  a  few  corrections  of, 
and  additions  to,  his  published  list. 
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Cephalopoda. 

Atnmoniws    Haploceras)  catinus,  ^ 

„                .,        licenicus,  S 

Lytocem]  Jukesi,  Sh 

„    [Pochy  discus]  perainpliui, 

„     [         „          ]  Portlocki,  5 

[Pliylloc]  Pergensi,  de 

[Pachyd.J    Uldbauii,  S 

Baculites  Faujasi,  Sow.    - 
UamiCes  ap.     - 
Criocenia  eilipticus,*  Mant. 
Heteroceras,  cf.  polyplocua,  Jlatm 
ActiuucamaK  quadralus,  Z>e/r. 

graaulatua,  Blainv. 
Aptych«8  psTa.mpluB  "i  Sharpe 
Belemnitella,  lanceolata,  Scklolk. 
mucronata,  Schlolk. 

NautUu8  Bayfieldi.t  F.  C.  awi 
Nautilus  8p.     -        ■        -        - 

Gaateropoda. 
Avellana  cassis,  dOrb.     ■        ■ 
Cerithiuin  ap.            .        .        - 
Dentaiium  sp.         -        -        - 
Dolium    sp.     -         -        -        . 
Emargitiula  uuifostala.  Seel  eg 
Nerinffiji  uaicarinata,  Woodw. 
PteTirotomaria  perapectjva,  itant. 
Troehua  Basteruti,  Bronga.    - 

(Cirrus)     atriatus,  Woodu 
Turritella  sp.            ... 
Turbo  retifer,  Hoh. 

Lamell  i  branch  lata. 
Anomia  siibtrunaita  1  d'Orb. 

„       ap.     •       -       -        - 
Area  Geinitzi,  Eetus 
Avicula  nitida,  Rok  <M.S.)    - 

„      suhnodosa,  Hag. 
Chama  inaequirostrata,  5.   Woodtc 
Cucullsea  ap.    - 

\(at,l. 
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*  This  speciM  has  been  reported,  but  we  cannot  confirm  its  occurrence.— 
E.T.N. 

t  Tiie  forms  named  Dalongchampsianui,  elegant,  and  radiatia  in 
p-eviotu  lisU  ue  not  those  •owieM,  but  belong  to  N.  Bayfieldi.~E..T!.S. 
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Homaloetega  eracta,  Hag. 


„  pavonia.  Jiag,    ■ 

J,  Tespertilio,  Hag. 

Lunulites  creUceus,  Defr. 

Melicerilites  angulosa,  <FOrb.  - 

Uembranipora  disperaa,  Hag. 
„  velamen,  Gold/. 

Onychosella  camerata,  Hag.     - 
„  koninckiana,  Hag. 

„  Laraarcki,  ^"9-    - 

„  pariaienaiB,  iFUrb. 

I*achydera  grandis,  ilarM. 

Proboacina  ramrjaa,  Edte. 

l*orina  filograna,  Guld/.    - 

Eetecavea  cretacea,  Edte. 

Reticulipora  ccmtinifens,  Lontd. 

SemieBcnaripora  galeata,  Brii* 

Bemimulticavoa  meudonensis,  d'Orb. 

Sparsicavea  reticulata,  Maru.  ■ 

Spiropora  verticillata,  Goldif.  ■ 

8tomat(q»ra  gracilis,  Edui.     - 
„  gninulata,  Eduf. 

Sulcocava  costulata,  Maru. 


Vincularia  abacondita,  J/ar«». 
„  exaculpta,  Mans. 
„       Htnuuuloaa,  Maru. 

CruiUuxa. 
Enoploclytia  ausaeiensb,  Mant. 
Loricula  pulchellsL,  Sow. 
PoUicipes  Angelini,  Dane. 

„         cancellatus,  Martt. 

„         fallax,  Darw. 

„         Htriatus,  Dane. 
PyrKoraa  cretacea,  H.  Woodtu. 
Sealpellum  fossiila,  Darw. 

„         niaxitaum,  Sour.     - 
Verruca  priaca.  Botq. 
0*traeoda  (see  Oeneral  List). 

A  nnelida. 
Serpula  ampullacea.  Sow. 
„       carinata,  S.  Woodw.  - 
„       catiteriata,   Hag. 
„       contractu,  ,?.  Woodw. 
„       fluctuata,  S.  Woodui. 
„       granulata,    Sow. 
„       ilium,   Sous. 
„       lituitia,  Defr. 


Is 

It 


Serpula  lumhricus,   Defr. 
macropus,    Sow. 
obtusa,  501*. 
plana,  S.  Woodw- 
plexus,   Saw.   {  — gordialis) 
pusilla.  Sow.       .        -        . 
spirultea.  Sow.     - 
striata,    Defr.    -         -        - 
trochiformia.  Hag.      ■ 
vortes,  S.  Woodtn.     - 

Terebella   leweaienais,    Daviea 

Ech  inodermala. 
Bourgueticrinus  ellipticus,  Miller  - 
Uardiaster  grandis,  Beveft 

„         ananchytis,  Luke  - 
Cidaris  clavigera,  Kimig 

„      hirudo,  Sorig.     -       -       - 
„      perOTnata,  Farha 
„      sceplrifera,  Jfanf. 
„      serrata,  iJsjor 
„      venculosal  Goldf. 
Cyphoaouia  coroUare,    Klein 
„  elongatum,    Cott. 

CyphoBocna  granuliwuni,  Goldf. 
„  Kcenigi.  Mant.     - 

„  magnificum.    Ag. 

„  radiatum,    Sorig. 

Wetherelli,  Forbes 
?orys  scutalus.  Lake    ■ 

_^ r  gibbus.  Lam.     -        -        - 

Oalerit«a  abbreviatiia,  Detcrr  (— Hceraeri) 
albogalerus.  Leike     ■ 


I'^chin 
Epia> 


sp. 


Holaater  planus,  Mant.    - 

„         placenta,  Ag.     ... 
Itifulastcr  excentricus.  Rote    - 

„  rostratus,    Forbes 

MarBiipitGs  testudinarJus,  Schlath.    - 
Melopaster  Mantelli,  Forbet     ■ 

„  Parkinson!,  Forbes 

Micraster  coranguinum,    Leske 

„         cortMtudinarium,  Otddf. 

„  priecuraor,  Ruice  - 
01Ta»t«r  pillula,  iain. 
Ophiura  subcylindrica  T  Hag. 
Oreastcr  pUtiUiferua,  Forbes  ■ 
Peatacrinua  Agasaizi,  Hag.  ■ 
„  Bronni,  '"<ff.     - 
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all  thinga  into  conaideratioA  \\^e  may  VeiitUt*e  on  the  following 

approximate  thickneaded  :** 

Peel. 

Zone  of  Ostrea  lunata    -       -       -       -       -       ^       -  -lio 

Zono  of  Beleranitella  mucronata  -        ^        -        -        -  -     250 

Zones  of  Act.  quadratus  and  Marsupites    -        -        -  -    400 

Zones  of  M.  coranguinum  and  M.  cortestudinarium  -  -     340 

Zone  of  Holaster  planus     -       -----       *  *      60 

Middle  and  Lower  Chalk    "        *       *       »       *•       -  -160* 


1,290 

We  have  here  included  the  whole  of  the  zone  of  Holaster  planus  in 
the  Upper  Chalk,  thus  making  its  thickness  1,140  feet,  but  as 
stated  in  Volume  II.  p.  473  it  is  possible  that  some  of  the  H.  planus 
chalk  really  belongs  to  the  Middle  division,  and  there  is  at  present 
no  definite  base  line  to  the  Upper  Chalk  of  Norfolk. 

Stratigraphical  Details. 

Zone  of  Holaster  planus. 

Only  one  section  of  this  zone  has  been  seen  in  the  southern 
part  of  Norfolk  ;  this  is  in  the  cutting  on  the  railway  which  com- 
mences about  2  miles  w^est  of  SwaflFham  Station  ;  the  locality  was 
visited  by  Messrs.  W.  Hill  and  W.  Whitaker  in  1886,^  and  subse- 
quently by  the  former  alone  in  1897 ;  the  following  account  of 
it  is  from  Mr.  Hill's  later  notes  :  — 

At  the  western  end  of  the  cutting  white  chalk  with  greyish- 
black  flints  and  containing  Holaster  planus  is  exposed  for  some  50 
yards,  dipping  gently  to  the  eastward.  Near  the  eastern  bridge 
a  layer  of  large  grey-black  flints  comes  in,  and  about  2J  feet  above 
this  there  is  a  bed  of  hard  semi-crystalline  creamy-white  chalk, 
about  10  inches  thick,  lumpy  or  nodular  at  the  top,  and  overlain 
by  4  inches  of  very  marly,  buff-coloured  chalk.  The  hard  bed 
contains  a  fair  number  of  fossils,  and  the  following  were  found  by 
Messrs.  Hill  and  Whitaker  :— 

Terebratula  semiglobosa. 
Holaster  planus. 
Micraster  sp. 
Cidarb  (spines). 
Cyphosoma  radiatum. 

Thus  both  in  its  lithological  characters  and  in  its  fossils  this  bed 
resembles  the  Chalk  Rock,  but  it  does  not  contain  glauconite  nor 
ftny  green-coated  nodules. 

The  marly  chalk  is  succeeded  by  white  chalk  with  flints,  and 
in  this  Echinocorys  scutatus  occurs,  but  was  not  found  below. 

*  The  102  feet  of  chalk  without  flints  below  Norwich  is  less  than  would 
be  expected  from  the  thickness  of  such  chalk  at  the  outcrop  near  Mar  ham, 
where  there  must  be  at  least  130  feet,  but  it  is  quite  possible  that  the  Lower 
and  Middle  Chalk  become  thinner  toward  the  west. 

t  See  Geology  of  South- Western  Norfolk,  etc.,  Mem.  Geol.  Survey,  p.  39, 
(1893),  -  ,     .        1 


Lamna  (tooth). 
Inoceramus  (fragments). 
Rhynchonella  plicatilis  (large). 

„  reedensis. 

Terebratula  carnea. 
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In  the  northern  part  of  Norfolk  the  Terebrattdima  zone  passes  np 
into  chalk  which  is  still  rather  hard  and  contains  layers  of  dark  grey 
flints  with  occasional  seams  of  flint  which  are  often  continuous  for 
many  yards.    This  chalk  contains  Holaster  planus,  and  has  been 
recognised  at  several  localities  within  the  area  of  Sheet  69.    One 
of  the  best  sections  is  in  a  quarry  three-quarters  of  a  mile  N.N.W. 
of  Great  Bircham  Church,  and  of  this  the  following  account  is 
given  by  Mr.  W.  Hill :— ♦ 

Ft  in. 
Soil  and  broken  chalk     -       -        --       -       -       -30 

JLayer  of  large  separate  flat  lenticular  flints  -        -       -        -      0  •O 

Chalk  (much  broken)  with  Holaster  planus    -       -        -      6     6 
Layer  of  large  grey-black  flints  -       -       --        -        -06 

Broken  chalk  with  a  few  small  scattered  flints  -        -        -      3    0 

Layer  of  large  massive  flints 09 

Chalk seen  for       16 


15     9 


Dr.  Barrois  had  previously  recognised  these  beds  and  their  charac- 
teristic fossil  in  a  quarry  to  the  west  of  Bircham  Newton,  describing 
them  as  "  hard  white  chalk  with  nodules  of  grey  flint  and  grey 
tabular  layers  from  2  to  2^  inches  thick  and  less  than  3  feet  apart. 
Between  these  flints  there  are  large  isolated  flints  similar  to  those 
which  are  so  frequent  in  the  Norwich  chalk,  and  which  are  known 
by  the  name  of  Paramoudras."t 

From  this  pit  he  obtained  Am.  [Pachydiscus]  peramplus,  Echino- 
corys  gibbus  and  Holaster  planus,  and  from  a  pit  near  Docking  he 
got  the  two  latter  species  with  a  Belemnite  of  which  he  says,  "  The 
presence  of  a  Belemnite  at  this  horizon  is  interesting  ;  it  is  a  frag- 
ment the  precise  determination  of  which  is  unfortunately  impossible, 
but  it  is  comparable  with  Bd.  streJdensis,  Fritsch." 

?  Zone  of  Micraster  cortestudinarium. 

Neither  Professor  Barrois  nor  Mr.  Hill  succeeded  in  positively 
recognising  this  zone  in  Norfolk,  the  reason  being  that,  with  the 
exception  of  Echinocorys  scutatus,  fossils  are  so  rare  in  the  chalk 
which  may  represent  it  that  only  one  specimen  of  Micraster 
cortestudinarium  has  yet  been  found.  But  as  stated  in  the 
memoir  on  the  borders  of  the  Wash  (p.  70 ),  if  we  eliminate  those 
places  where  Holaster  planus  has  been  found,  and  those  where 
Micraster  caranguinum  occurs,  there  is  left  a  tract  of  country  in 
which  a  few  (quarries  exist,  and  the  chalk  seen  in  these  may  be 
referred  ])rovisionally  to  the  zone  of  Micraster  cortestudinarium. 

The  Micraster  which  has  been  identified  by  Dr.  Rowe  as 
M.  cortestudinarium  was  obtained  by  Mr.  Hill  from  a  quarry 
near  Swaffliam,  about  half  a  mile  west  of  the  station,  and  on  the 

*  Geology  of  the  Borders  of  the  Wash.    Mem.  Geol.  Survey,  p.  68  (1899), 
t  Recherches  sur  le  Terr,  Cr^t.  Sup^rieur,  p.  161. 
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south  side  of  the  line  ;  the  pit  was  from  25  to  30  feet  deep  in  soft 
white  chalk  containing  some  scattered  flints,  and  one  bed  3  feet 
thiclv  with  many  flints  scattered  through  it ;  the  flints  are  thin- 
skimied  and  black  inside.  Besides  the  Micraster,  he  found 
EcMriocorys  scutatuSy  and  was  told  that  Bdemnites  sometimes 
occurred. 

Tills  band  of  chalk  runs  from  the  neighbourhood  of  Castle 
Aero  and  Massingham  Heath  by  Rudham,  Tatterset,  Bagthorpe, 
IVirnier,  and  Syderstone,  and  thence  northward  by  Stanhoe  to 
15arnham  Westgate.  In  the  country  between  Castle  Acre  and 
Brandon  no  exploration  of  the  Chalk  has  yet  been  made. 

Two  exposures  of  this  chalk  may  be  mentioned.  One  is  about 
a  mile  noilh-east  of  Rudham  railway  station,  and  is  described  bv 
Mr.  Hill,  who  saw  it  in  1897,  jis  about  30  feet  deep  in  chalk  with 
S3veral  layers  of  greyish-black  flints,  some  rather  large.  He  found 
a  fragment  of  a  Belemnite  and  a  small  llhynchonella  Cuvieri. 

The  other  quarry,  half  a  mile  north-east  of  Houghton  Church, 
was  also  visited  by  Mr.  Hill,  who  writes—  **It  is  in  rather  softer  white 
chalk  than  is  usual,  and  the  flints  are  blacker  and  smaller  in  size. 
About  25  feet  of  chalk  are  shown,  but  the  only  fossils  seen  were  a 
fragment  of  a  Cidaris  spine  and  a  crushed  Echinocorys  scutatus. 

Zone  of  Micraster  coranguinum. 

The  chalk  of  the  Brandon  district  has  been  described  in  the 
preceding  chapter,  and  the  chalk  at  and  near  Thetford  must  belong 
to  the  same  zone,  but  the  only  references  to  it  that  I  can  find  are 
(1)  by  C.  B.  Rose*  in  18G2,  who  remarks  that  "  at  Thetford 
cylindrical  forms  of  flint  from  18  to  24  inches  in  length  are  numer- 
ously distributed  through  the  chalk,"  and  that  thin  seams  of  flint 
are  also  seen  ;  (2 )  by  Mr.  F.  J.  Bennett,  in  1884,  who  mentions  a 
pit  about  two  miles  north-east  of  Thetford,  showing  about  12  feet 
of  soft  rubbly  chalk  from  which  Mr.  Rhodes  obtained  Cidaris 
perornata,  an  Inoceramus,  and  a  sponge.  (3)  Mr.  Rhodes  also 
visited  a  pit  half  a  mile  north  of  the  Mound,  Thetford,  (in  sheet 
51)  and  describes  the  chalk  as  soft,  greyish  and  bedded;  he 
obtained  fish-teeth,  and  fossils  identified  as  Trockus  drrhus, 
Micraster  prcecursor,  Bourgueticrinus,  and  spines  of  Cidaris, 

The  chalk  of  this  zone  spreads  northw^ard  by  Mundford  Stan- 
ford, Hilborough,  Cressingham,  and  Watton,  but  the  only  published 
information  refers  to  the  chalk  of  Saham  Tony  and  of  Ashill,  both 
near  Watton. 

Mr.  Bennett  has  recorded  the  existence  of  two  quarries,  re- 
s|:)ectively,  one  and  1 J  miles  west  of  Saham  Tony,  both  in  soft  chalk 
with    layers  of    nodular   flints,  f    From   the  first  he  obtained 


•  Proc.  Geol.  Assoc.,  Vol.  i.  p.  231. 

t  Geology  of  the  Country  around  Attleborough,  etc.  p.  3,  (1884). 
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^licradhei^  cdr^cbv^usirhuni  arid  Indcefamus ;  from  the  ^coild 
Mr.  Ilhclde^  cdlledted  tri>o6ei*drrriud  irMiut'USt  Int  Tjarryareki,  Pecten 
ereto&u8,  and  a  Spdndytu^; 

A  little  further  ncfrth,  and  les^  than  a  mile  wef^t  erf  A^hill,  iff. 
J".  H.  Blake  found  a  large  pit  showing  30  feet  erf  bedded  6haik  w  ith 
l^yerri  of  flint  nddulefa.  A  few  fossils  were  foiiild  here  by  Mr. 
lihdddd,  via.,  Cos&ifJiopOra  ^xkijumnciali^y  Pafa^milia  dervtratiBj 
a  Cidaris  spine,  and  tnocerarri'us  (dfi  Bfon^niarti):^ 

Swaffham  has  long  b3en  known  as  a  locality  for  CJhfiilk  fd^sils^ 
and  lists  were  pubUshed  by  S.  Woodward  and  C.  B.  Eose,  but  no 
careful  coUectin":  has  been  done  there  in  recent  years. 

11.  C.  Tavlor  has  remarked!  that  the  disposition  of  the  flints 
in  the  Swaffham  chalk  is  peculiar,  "  two  layers  forming  a  pair  being 
set  at  a  distance  of  a  foot  apart  and  each  pair  at  the  distance  of 
several  feet  from  the  next  pair."  Mr.  Eos3  also  remarked  on  the 
gr3it  size  of  the  tabular  flints,  **  many  of  them  8  or  more  feet  in 
len;?th  an:l  from  9  to  12  inches  in  thickness.''J  As  these  observa- 
tions do  not  apply  to  the  chalk  in  the  quarry  seen  by  Mr.  Hill  west 
of  Swaffham  Station,  they  must  refer  to  that  exposed  in  some  of 
the  old  pits,  of  which  there  are  many  to  the  south  and  west  of 
Swaffham.  There  are  also  old  quarries  near  Castle  Acre,  four 
miles  to  the  north,  and  at  the  Lexhams. 

Litcham,  about  seven  miles  north-east  of  Swaffham,  is  another 
place  where  chalk  has  been  quarried,  and  from  which  C.  B. 
Rose  obtained  fossils.  A  quarry  was  still  worked  here  in  1883  to 
the  north-east  of  the  church,  and  showed  about  25  feet  of  chalk 
with  5  or  6  layers  of  black  flint  nodules  and  a  few  large  irregular- 
shaped  flints.§  There  is  another  quarry  about  half  a  mile  S.S.W. 
of  Litcham,  in  which  a  few  fossils  were  found  by  Mr.  Rhodes. 

To  the  north  of  Litcham,  Lexham,  and  Rougham  the  Chalk 
is  deeply  covered  by  Boulder  Clay,  and  Uttle  of  it  is  again  seen  till 
we  come  to  the  valley  of  the  Creake  River.  Here  at  South  Creake 
there  is  a  pit  over  20  feet  deep  in  rather  hard  chalk  with  layers  of 
flints  which  are  dark  greyish-black  inside.  This  pit  has  been 
visited  by  Prof.  Barrois  and  by  Mr.  W.  Hill,  who  both  refer  it  to 
the  zone  of  Micraster  coranguinum.  Mr.  Rhodes  has  also  collected 
from  it  and  the  neighbouring  pits,  and  the  fossils  obtained  are 
included  in  the  list  on  p.  265. 

The  pits  at  Bumham  Overy,  north  of  the  church,  and  east  of 
Burnham  Thorpe,  are  in  the  same  beds,  but  fossils  are  less  common. 

•Geology  of  the  Country  around  East  Dereham  p.  11  (1888). 
t  Trans.  Geol.  Soc.,  Ser.  2,  Vol.  i.  p.  378  (1824). 
t  Phil.  Mag.,  Ser.  2,  Vol.  vii.  p.  370  (1835). 

§  See  note  by  H.  B.  Woodward  in  the  Geology  of  th^  Country  aroun^ 
E\a8t  Ejereham,  Mem,  Qeol,  Survey  p,  10  (188^ 
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2.  Zones  of  Marsupites  and  Actinooamax  quadratus. 

These  zones  cannot  be  separated  in  Norfolk  without 
more  careful  exploration  than  has  hitherto  been  bestowed 
upon  them,  but  Belemnites  identified  as  Actinooamax  granulatus 
and  Act,  qaadratus  occur  throughout  a  considerable  thickness  of 
chalk.  This  chalk  enters  Norfolk  between  Brettenham  and  Diss, 
and  rims  northward  in  a  broad  band  to  the  west  of  Wymondham, 
Eeepham,  and  Holt  (see  Map,  Fig.  59.) 

Mr.  Bennett*  notes  that  a  large  pit  north-west  of  Bridgeham 
shows  20  feet  of  soft  thin-bedded  chalk  with  a  few  flints,  and  that 
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Fio.  61. — Section  in  a  Quarry  south-west  of  Ringland  ChorcL 

Glacial  eds.   I*'  ^"^^^^  ^^^  ^"^^* 
I  b.  Brown  stony  loam. 

P^Kku,  G««:^-    /^-  Ash-coloured  pebbly  sand. 
Pebbly  Series.  |^   Qrange-colouJed  sand. 

Chalk.  =e.  Soft  white  chalk  with  some  flints. 

Mr.  Rhodes  obtained  a  few  fossils  from  it,  including  a  Belemnite 
(Act.  verus  ?).  In  another  pit,  one  mile  W.S.W.  of  Banham,  he 
saw  "  15  feet  of  soft  rubbly  chalk  with  flints,"  and  from  this  Mr. 
Rhodes  obtained  Actinooamax  granulatus  and  other  fossils. 

To  the  northward,  within  the  area  comprised  by  sheet  66  N.W., 
there  are  many  exposures  of  chalk  containing  Actinooamax  which 
are  either  A.  granulatus  or  A.  quadratus,  and  the  pits  have  been 
described  by  the  late  Mr.  J.  H.  Blake,  in  a  memoir  on  the 
country  round  East  Dereham  (1888).  From  this  memoir  the 
following  general  account  has  been  compiled  : — 

Near  Ringland  there  are  five  or  six  pits  which  expose  chalk 

•Geology  of  the  Country  around  Attleborough,  Mem.  Geol.  Survey, 
p.  4  (1884). 
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In  another  a  qnarter-of-a-mile  S.W.  of  North  Ormsby  he  found: — 

Inoceramus  Cavieri  Magas  pumilos 

Ostrea  vesicularlB  Rhynchonella  Cuvieri 

„       sp.  (small)  Micraater  Leskei 

A  pit  three-quarters  of^a  mile  N.N.W.  of  N.  Ormsby  is  over 
40  feet  deep  and  shows  the  whole  series  of  beds  above  mentioned ; 
from  this  Mr.  Bumet  obtained  Rhynckondla  Cuvieri,  Terebratula 
camea  Holaster  (either  planus   or   placenta),    and  Echmocorys 
scutaius. 

Finally,  in  a  quarry  about  half-a-mile  south  of  Wyham  he  foimd 
that     Cidaris-spines     were     fairly     plentiful    associated     with 
Rhynchonella  Cuvieri,     The  spine  sent  to  me  for  identification 
appeared  to  be  one  of  C.  sceptrifera. 

At  and  near  Cadeby  there  are  quarries  showing  a  different  set 
of  beds  which  are  probably  in  a  higher  part  of  the   series,   and 
possibly  in  the  zone  of  M.  cortestudinarium.    In  one  of  these  I 
found    a   broken   echinoderm,  which  seemed  to  be  Echvnocorys 
scutatus  and  in  another  the  following  succession  is  shown  :— 

FU  in. 
Broken  chalk    -        --       -       --       -       -       -20 

Large  flat  lenticular  flints,  nearly  continuous  -        up  to    0    6 
Brittle  white  chalk  with  a  thin  layer  of  grey  marl  two 
feet  from  the  base       -------60 

Course  of  intermixed  chalk  and  brown  flint    -       -       -    0    6 
Beds  of  brittle  white  chalk  with  a  course  of  large  grey 
flint  nodules  14    0 


23  p 
Another  pit  north-west  of  Lambcroft  is  26  feet  deep,  and  shows 
six  layers  of  the  intermixed  flint  and  chalk  with  clearly  marked 
upper  and  lower  surfaces,  the  chalk  in  these  layers  being  hard, 
while  that  in  the  other  beds  is  soft  and  brittle.  In  this  quarry 
Mr.  Burnet  has  found  Kingena  lima,  Rhynch.  Cuvieri  and  a 
spine  of  Cidaris  perornata. 

Still  further  north  by  Hawerby,West  and  East  Ilavendale,WoId 
Newton,  Hatcliffe,  Irby  and  Eiby,  there  are  many  quarries 
which  show  portions  of  the  same  series  of  beds  as  have  just  been 
described.  One  at  West  Ravendale  showed  exactly  the  same  set  of 
beds  as  those  near  North  Ormsby.  Quite  recently  (1903)  Mr.  Burnet 
has  collected  the  following  fossils  from  this  district — Inoceramus 
Cuvieri  f  Ostrea  vesicularis,  Spondylus  latus,  Magas  pumHus, 
Rhynchonella  Cuvieri,  Terebratula  camea  and  Holaster  planus  1 

Mr.  Hill  made  another  reconnaissance  in  North  Lincolnshire  in 
1899,  and  succeeded  in  finding  chalk  with  Holaster  planus  in  a 
quarry  half  a  mile  south-«ast  of  Kirmington,  near  Brocklesby.  He 
describes  the  beds  seen  m  this  quarry  as  foUows  :- 

Ft.  in. 
Soil  and  rubble        -       --       --       -       -        -40 

Hard  white  chalk  weathering  into  thin  irregular  platy 

pieces  19 

Continuous  layer  of  solid  grey  flint       -       -       -        -      0    5 
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Ft.    in. 
Hard  white  chalk,  as  above  with  a  layer  of  flat  lenticular 

flints 36 

Continuous  layer  of  solid  grey  flint 0    6 

White  chalk,  rather  soft  and  shaly  at  the  top,  Hoi.  planus.  1     0 

Hard  white  chalk,  breaking  into  thin  flattish  pieces        -  3     6 
Grey  flint,  nearly  continuous,  but  separated  in  places  into 

detached  tabular   flints 06 

Hard  white  chalk  with  only  a  few  scattered  nodular  flints  9     0 

About    24     0 

The  quarry  at  Limber  Parva  is  in  similar  chalk,  but  Mr.  Hill 
could  not  find  fossils  of  any  kind.  Mr.  Eeid  was  informed  that 
at  Mr.  Frankish's  house  in  Great  Limber  "  a  well  was  sunk  to  a 
depth  of  168  feet  entirely  in  chalk  with  layers  of  flint.*' ♦  He  also 
mentions  several  pits  in  which  the  curious  layers  of  impei'fect  flint, 
or  intermixed  flint  and  chalk,  are  seen  ;  one  of  the  best  exposures 
of  these  beds  being  in  a  quarry  one  mile  west  of  Ulceby,  whicH 
is  30  feet  deep.  **  At  one  spot  near  the  bottom  of  this  pit  there  is 
an  enormous  flint  nodule,  which  bends  the  beds  as  though  it  were 
a  boulder  dropped  from  above  "  (op.  cit.,  p.  125).  Other  large 
upright  flints  have  been  noticed  at  Wold  Newton  and  at  Bumham. 
Between  Bumham  and  Barrow  there  are  many  pits  in  chalk  with 
tabular  and  continuous  fliints.  In  one  east  of  Burnham  Mr.  B^id 
found  fragments  of  a  sulcated  Inoceramus  (?  digitatus),  and  in  one 
at  Barrow  Mr.  Hill  found  an  Echinocorys  scuta  us, 

2.  YOBKSmBE. 

General  Description. 

The  Upper  Chalk  of  Yorkshire,  and  especially  that  of  Flam- 
borough  Head,  has  been  described  in  more  or  less  detail  by  several 
observers,  the  more  recent  of  such  notices  being  those  by  Professor 
C.  Barrois,t  Rev.  J.  F.  Blake,  J  and  Mr.  G.  W.  Lamplugh  ;§  and 
to  Professor  Barrois  belongs  the  credit  of  first  indicating  the  lines 
on  which  the  Yorkshire  succession  may  be  compared  with  that  of 
the  more  southern  counties.  His  account  of  the  zonal  succession 
in  the  cliffs  west  of  Flamborough  Head  is  still  the  most  complete  in 
existence,  but  Dr  Rowe  has  recently  made  a  more  detailed 
examination  and  his  results  will  doubtless  add  much  to  our 
knowledge. 


*  The  Geology  of  Parts  of  North  Lincolnshire,  etc.,  Mem.  Geol.  Siuv., 
p.  125(1890). 

t  Recherches  sur  le  Terrain  Cr^tac^  sup^rieur,  p,  196  et  seq.  (1876). 

tOn  the  Chalk  of  Yorkshire,  Proc.  Geol.  Assoc.,  Vol.  v.  p.  232,  (1878). 

§  Notes  on  the  White  Chalk  of  Yorkshire,  Proc.  Yorksh.  Geol.  and  Pol. 
Soc.  Vol.  xiii.  p.  65  and  p.  171  (1895  and  1896). 
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Mr.  Blake  made  an  attempt  to  follow  these  divisioius  through 
the  inland  parts  of  the  country,  and  though  he  found  himself 
unable  to  accept  Professor  Barrois'  zonal  classification,  owing 
principally  to  the  small  number  of  fossils  he  could  detect,  yet 
he  formiilated  a  classification  based  on  the  characters  of  the 
flints  in  that  portion  of  the  series  in  which  they  occur.  This 
classification  is  not  without  value,  and  a  part  of  his  table  is 
given  below : — 


— 

lithologj. 

Falmmtology. 

Thioknew. 

1 

2 
8 

4 
6 

Soft  chalk  without  flints    • 
Chalk  with  imperfect  flints 
Chalk  with  tabular  flinU    • 
Slaty  chalk  with  thin  flinU        -  \ 
Creamy  chalk  with  nodular  flhiti  / 

Zone  of  Karrapitee  • 
Zone  of  liicraaten  - 
barren  sone      .... 

Zone  of  Inoc.  mytiloides  • 

889 

ISO 

60 

200 

As  already  mentioned  the  "  creamy  chalk  with  nodular  flints  " 
belongs  to  the  Middle  Chalk,  but  the  position  of  the  "  slaty  chalk," 
No.  4,  is  less  certain,  for  we  have  not  been  able  to  identify  it  in  the 
Buckton  cliffs,  and  the  only  other  SjBction  of  it  which  is  clearly 
located  by  Mr.  Blake  (that  at  Swanland  Mill)  appears  from  the 
fossils  to  belong  to  the  zone  of  Hoi,  planus. 

His  chalk  with  many  tabular  flints  is  undoubtedly  the  chalk 
which  both  Professor  Barrois  and  ourselves  refer  to  the  zone  of  Hoi. 
planiLS,  and  it  is  not  so  barren  as  Mr.  Blake  represents,  though 
often  so  hard  that  fossils  cannot  be  extracted  in  good  condition. 
It  is  clearly  the  continuation  of  the  similar  chalk  in  Lincolnshire, 
and  as  in  both  counties  it  also  contains  Echvrvooorys  scutatus  we 
regard  it  as  the  equivalent  of  the  hard  nodular  chalk  of  the  south- 
east of  England,  and  of  the  Chalk  Bock  found  in  the  intermediate 
counties. 

To  the  above  succeeds  chalk  with  Micrasters  and  Inoceramus 
involutus,  evidently  cori-esponding  to  the  zones  of  M.  cortestu- 
dinarium  and  M.  corcmguinum  in  the  south.  Lastly  comes  a  great 
thickness  of  chalk  without  flints  belonging  to  the  zones  of  Marsu-- 
pites  and  Actinocamax  quadratus ;  but  the  higher  zone  of  Belemni- 
tella  mucronata  does  not  seem  to  be  exposed. 

Mr.  Lamplugh's  papera  are  less  concerned  with  palaeontology, 
but  they  contain  some  useful  measurements  and  some  excellent 
photographic  views  of  the  cliff's.  He  set  himself  to  estimate  the 
thickness  of  the  several  portions  of  the  Chalk,  and  arrived  at  results 
which  show  a  much  greater  thickn<»s  than  had  previously  been 
supposed.    These  are  given  by  him  as  follows  : — 

Feet 

Upper  Chalk  without  flints 650 

Middle  Chalk  with  flints 460 

Lower  Chalk  without  flints 130 

1,240 
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Some  thickness  of  the  chalk  with  Eints  belongs  to  the  Upper  Chalk, 
and  if  we  thus  assign  200  feet  the  relative  thiokuesaea  of  the  three 
stazes  will  come  out  as  follows : — 
^  Fat. 

Upper  Chalk +850 

Middle  Chalk 260 

Lower  Chalk 130 


Fig.  ee.— Sketch  map  of  the  Cbalk-arcit  in  Yorkshire. 

About  twenty-five  years  ago  Mr.  R.  Mortimer  published  some 
account  of  the  distribution  of  flints  in  the  Chalk  of  Yorkshire,* 
with  a  sketch  map  of  the  areas  occupied  by  the  flintless  and  the 
flint-bearing  chalk  respectively.  One  of  the  most  interesting 
parts  of  this  paper  is  the  evidence  of  the  eastern  extension  of  the 
flinHjearing  chalk  below  Hull,  while  throughout  the  rest  of  Holder- 
ness  the  Drift  deposits  reat  on  the  flintless  chalk. 

Mr.  Mortimer  was  inclined  to  think  that  the  flintless  chalk 
passed  into  that  with  flints,  and  that  the  two  divisions  were  merely 

•  See  Proc.  Oeol.  Assoc..  Vol.  v.  p.  344  (1878). 
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dififerent  lithological  facies  of  one  contemporaneous  mass  of  chalk, 
but  the  zonal  succession  in  the  Yorkshire  Chalk  is  now  too  well 
established  to  permit  such  a  view  to  be  maintained  at  the  present 
day.  The  evidence  which  he  presents  can  be  interpreted  much 
more  naturally  on  the  supposition  that  the  strike  of  the  beds  curves 
round  to  the  eastward  in  South  Yorkshire  just  as  it  does  toward 
Speeton  and  Flamborough.  This  view  is  represented  on  the 
accompanying  map  of  the  Yorkshii'e  Chalk  (Fig.  66). 

This  view  finds  some  confirmation  in  the  great  thickness  of 
chalk  which  is  said  to  have  been  traversed  by  a  boring  at  Hornsea,  * 
the  chalk  being  reached  at  120  feet,  and  chalk  without  flints  pierced 
for  858,  the  boring  ending  in  "  soft  black  warp  or  clay,"  which,  as 
Mr.  Lamplugh  suggests,  may  be  one  of  the  marly  seams  in  the 
Chalk.  If  this  depth  was  really  entirely  through  the  flintless  chalk 
the  total  thickness  of  the  Yorkshire  Chalk  will  be  about  1,450  feet, 
for  Hornsea  must  be  very  ne^arly  in  the  centre  of  the  basin. 

STRATIGRAPmCAL  DETAILS. 

Zone  of  Holaster  planus. 

This  zone  appears  to  set  in  at  and  west  of  the  village  of  H^sle, 
and  as  indications  of  it  we  have  taken  the  lowest  beds  which 
contain  the  well-known  echinoderms,  Holaster  planxis  and 
Echmocorys  scutatus. 

About  half  a  mile  west  of  Hessle  Church,  on  the  road  to  North 
Ferriby,  is  a  quarry  which  was  visited  by  Mr.  Hill  in  1899,  and 
he  found  it  to  be  about  25  feet  deep,  showing  chalk  with  two  con- 
spicuous floors  of  flint  and  a  well-marked  layer  of  marl  near  the 
bottom.  In  the  broken  chalk  at  the  top  he  found  a  fragment  of 
Echinocorys  scutatus,  and  what  appeared  to  be  a  piece  of  a 
Micraster. 

Mr.  J.  F.  Blake  has  recorded  a  section  in  a  quarry  at  Swanland 
Mill,  which  is  about  a  mile  north  of  Ferriby,  which  he  gives  as 
follows : — 

Feet 
Brittle  chalk  in  thin  beds,  and  numerous  bands  of  thin  flint     14+ 
White    chalk  with    four    thin    flint    bands,   Terebratula 

semiglobosa        ---  --  --14 

Continuous  doggery  flint,  banded  toward  the  outside,  A  nan- 

chyles  ovatus  and  Inoceramus  Cuvieri      -  1 

Chalk  becoming  more  flaggy  and  argillaceous  below  till  it 

becomes  almost  a  shale 6 

Chalk  with  flint  bands  from  6  to  8  inches  thick  everv  2  feet       6 


More  than     40 


*  C.  Heid,  Geology  of  Holderness  Mem.  Geol.  Survey ;  p.  141  (1885). 
jiiul  G.  W.  Lamplugh,  Proc.  Yorksh  Geol.  and  Pol.  Soc.,  Vol.  xiii.  p.  71 
(1895). 
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Mr.  Hill  also  diacov^ed  another  section  in  this  zone  in  a  quarry 
west  of  Goodmanham  Lodge,  and  easily  accessible  from  the  £ipling 
Cotes  station  on  the  railway  from  Weighton  to  Beverley ;  of  this 
quarry  he  communicates  the  following  account : — 

Ft    in* 

Smooth  and  firm  white  chalk 6    0 

Layer  of  intermixed  flint  and  chalk       -       -       -       -  0    8 

Firm  white  chalk,  with  Holaster  planus       -       -       -  1     6 

I^yer  of  flint  and  chalk,  as  above 0    6 

Firm  white  chalk -       -  2    0 

Continuous  floor  of  flint 0    6 

Firm  white  chalk  with  H.  planus     -       -       -       -       -  3     3 

Continuous  floor  of  flint 06 

Firm  white  chalk  with  a  marly  layer  about  9  inches  from 

top 30 

About  18    0 

Mr.  Hill  says  :  *'  The  chalk  weathers  into  thin  platy  or  flaggy 
pieces.  Holaster  pla/n/us  is  not  rare,  as  I  obtained  four  specimens 
besides  portions  of  others,  which  seemed  to  be  'planus''  Fig.  67 
is  a  section  across  the  outcrop  of  these  beds. 

Further  north,  in  a  cutting  on  the  new  railway,  a  mile  west  of 

Enthorpe  Station,  Mr.  Hill  found  a  good  section,  which  seems  to 

show  a  large  part  of  the  Hoi,  planus  zone  with  some  still  higher 

beds,  the  succession  being  as  follows  : — 

Feet 

White  chalk  with  layers  of  grey  flint +  60 

A  marked  layer  of  continuous  flint    -----  \ 

Firm  white  chalk  with  fewer  grey  flints  in  irregular  layers. 

Echinocarys  scutatus 18 

Firm  white  chalk  with  large  grey  flints  in  irregular  layers. 

Ech.  scutatus  -        -  -        10 

Firm  white  chalk  with  large  flint  doggers  forming  nearly 

continuous  floors  at  distances  of  about  3^  feet.    Several 

fossils  found  including  Hoi.  planus  and  Ech^  scutatus  -        15 
Well  marked  layer  of  marl        .----. 
Broken  chalk  (a  few  feet) 

Over     103 

The  well-marked  layer  of  marl  above  noted  can  be  traced  for 
50  or  60  yards,  till  the  dip  carries  it  below  the  level  of  the  rails. 

We  have  no  furtha*  positive  information  about  the  inland 
exposures  of  this  zone,  but  we  beUeve  that  it  would  not  be  diflBci;lt 
to  trace  it  by  Sherburn  and  Burdale  and  thence  eastward  towai-d 
the  coast. 

Passing  now  to  the  cliflfs,  north  of  Flamborough  Head,  we  tin  d 
the  zone  of  Hoi.  planus  coming  into  them  at  Thorn  wick  and  North 
Sea  Landing.  It  was  recognised  here  by  Professor  Barrois  in  1876, 
and  I  paid  a  short  visit  to  the  locality  in  1880  under  the  guidance 
of  my  colleague,  Mr.  Fox-Strangways.  It  is  probable  that  in  Thorn- 
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wick  Nab  and  Little  Thornwick  Bay  we  have  the  junction  of  the 
zones  of  Terebratulina  and  Hoi.  'planus ;  Professor  Barrois  says  : 
"  At  Thornwick  Nab  the  chalk  is  very  poor  in  fossils,  it  is  homo- 
geneous and  rather  hard,  and  contains  few  flints.  I  obtained  from 
it  many  Inocerami  (/.  Brongniarti).*' 

I  examined  the  chalk  of  Little  Thornwick  Bay  in  1880  and 
made  the  following  note  :  The  upper  beds  seen  here  contain  large 
nodular  grey  flints,  below  these  are  thin-bedded  strata  which 
contain  crushed  Echinoderms,  probably  Holaster  planus,  but 
none  sufficiently  good  for  certain  determination ;  these  occur 
specially  along  one  horizon  below  which  I  could  find  nothing  but 
large  Inocerami. 

Mr.  Hill  visited  Great  Thornwick  Bay  in  1899  and  communicates 
the  following  note :  On  the  west  side  of  the  bay  the  lowest  beds 
consist  of  hard  white  massive  chalk  which  contains  a  layer  of 
yellowish  brown  nodules,  reminding  me  strongly  of  the  nodular 
lumps  which  occur  at  the  top  of  the  Middle  Chalk  in  the  south- 
east of  England  and  so  often  show  iron-stained  traces  of  Sponges. 
Above  these  beds  is  a  layer  of  large  grey  flints  forming  a  nearly 
continuous  floor.  On  the  eastern  side  of  the  bay  the  following 
section  may  be  measured  :— 


Very  hard  white  chalk  weathering  into  flattish  angular 
fragments,  with  several  layers  of  tabular  flint     - 

Hard  chalk  without  flints       • 

Layer  of  very  large  flat  lenticular  masses  of  grey  flint  up  to 

Hard  white  chalk  in  massive  beds 

Layer  of  large  separate  grey  flints  (as  above)  -  -  - 
Hard  white  chalk,  well  bedded,  without  flints 
Layer  of  separate  grey  flints  (as  above)  -  -  -  - 
Firm  white  chalk  in  thick  beds  with  scattered  flints 
Hard  white  chalk,  with  a  layer  of  flat  lenticular  flints 
down  to  the  same  layer  of  flints  as  \S  seen  on  the  west  side 
of  the  bay,  here  at  the  tide  line    -       -       -       -       - 


Ft.    in. 


12 

0 

6 

6 

0 

9 

6 

6 

0 

9 

2 

9 

0 

6 

10 

0 

10 

0 

47     9 


The  place  where  this  section  was  taken  is  shown  in  Plate  11 
(Vol.  II),  for  which  we  are  indebted  to  Mr.  G.  W.  Lamplugh 
and  the  Council  of  the  Yorkshire  Geological  and  Polytechnic 
Society. 

The  only  fossils  found  were  a  fragment  of  a  Micraster  and  a  cast 
of  RhijRchonella  in  oxide  of  iron.  At  North  Sea  Landing  the 
upper  part  of  this  section  is  repeated  in  a  sort  of  gully  washed 
out  by  a  small  stream,  where  Mr.  Hill  found  a  thin-shelled 
Holaster  which  is  either  H.  planus  or  H.  placenta,  and  a  piece  of 
Echinocorys  scutatus. 

In  1880  I  had  noted  that  the  chalk  with  Holasters  is  overlair. 
by  a  bed  of  hard  compact  semi-crvatalline  limestone  (like  that  at 
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Hessle),  and  that  the  succession  near  the  big  arch  on  the  west 
side  of  the  North  Sea  inlet  is  as  follows  : — 

Ft  in. 

Hard  chalk  with  layers  of  large  grey  tabular  flints  -       -  7  70  0 

Thin  layer  of  banded  flint,  grey  with  yellow  edges  -        -        0  1 

Hard  yellowish  chalk 13 

Layer  of  grey  flint  with  yellow  stains     -        -        -        -        0  6 

Hard  compact  (]  siliceous)  limestone                -        -        -        3  0 

Chalk  with  flints  in  thick  beds 20  0 

Professor  Barrois  obtained    the   following  fossils   from  North 
Sea  Landing : — 


Inoceramus. 

Terebratula  semiglobosa 
Terebratulina  striata. 
Rhynchonella  Cuvieri. 


Holaster  planus, 
Cidaris  hirudo. 
Echinocorys  gibbus. 
Bourgueticrinus. 


Mr.  Lamplugh  says  that  in  the  south-west  corner  of  the  Landing 
inlet  "  there  occxirs  a  thin  seam  containing  fragments  of  the 
stems  or  arms  of  a  crinoid  (probably  Bourgueticrinus)  in  abun- 
dance." On  his  sketch-map  he  marks  a  dip  of  6°  to  the  south  as 
shown  in  these  and  the  adjoining  cUffs. 

It  is  impossible  to  follow  the  section  eastward  toward  Brail 
Head,  for  the  sea  washes  the  foot  of  the  clifls  even  at  low  tide, 
and  they  form  nearly  vertical  walls  which  are  about  140  feet  high. 

Zone  of  Micrasters. 

This  includes  the  remainder  of  the  chalk  with  flints  in  Yorkshire, 
but  whether  it  can  be  divided  into  zones  of  After,  cortestudinarium 
and  Af .  coranguinum  we  have  not  at  present  sufficient  evidence 
to  decide. 

The  most  southerly  place  in  Yorkshire  where,  to  our  know- 
ledge, Micrasters  have  been  found  is  near  Little  Weighton,  a 
village  about  4J  miles  south-west  of  Beverley.  Mr.  J.  W.  Stather, 
of  Hull,  has  kindly  allowed  me  to  see  a  Micrasier  recently  obtained 
from  the  cutting  near  Little  Weighton  tunnel,  and  I  find  the 
specimen  to  be  a  transition  form  between  M,  Leskei  and  M. 
pnecursor  (having  a  feebly  marked  subanal  fasciole) ;  hence  I 
should  suppose  the  beds  from  which  it  was  obtained  to  be  low 
down  in  the  zone  of  Af .  gortestudinariuTn. 

This  zone  was  formerly  exposed  in  a  cutting  on  the  Weighton 
and  Beverley  line  west  of  Kipling  Cotes  station,  but  is  now 
grassed  over.  In  1880,  while  the  section  was  fresh,  Mr.  H.  A. 
Allen  obtained  the  following  fossils  from  this  cutting  :  — 


Inoceramus. 

Lima. 

Ostrea  vcsicularis. 

Terebratula  semiglobosa. 


Echinocorjrs  scutatus. 
Micraster  praecursor. 
Ventriculites. 
Camerospongia  ? 


The  same  beds  must  be  exposed  in  the  more  recent  cutting 
west  of  Enthorpe  on  the  Weighton  and  Driffield  line,  for  Mr.  Hill 
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informs  me  that  this  shows  over  100  feet  of  chalk  above  the  beds 
in  which  he  found  Holaster  planvs  (see  p.  280),  but  that  he  could 
not  find  any  perfect  Micrasters  in  them. 

Mr.  J.  F.  Blake  states  (op.  cit.  p.  256)  that  the  higher  part  of 
the  flint-bearing  chalk  is  well  exposed  on  Huggate  Wold  and  south- 
ward to  Millington ;  "  here  is  the  home  of  the  wonderful  Inocer- 
amus  involutiLs,  of  which  Mr.  Mortimer  has  several  perfectjin  both 
valves  [in  the  Museum  at  Drifl&eld]  ....  I  found  this  in  more 
than  one  quarry  so  that  it  cannot  be  scarce  ....  Associated 
with  it  are  Terebratula  camea,  Spondylus  latus,  Ananchytes 
ovatvs,  Ventriaulites  simplex,  Brackiolites,  and  Scyphia  pedun- 
culata.[' 

He  also  remarks  that  Mr.  Mortimer  has  obtained  many  fossils 
from  these  beds  near  Fridaythorpe,  Fimber,  Towthorpe,  and 
Sutton.  Among  these  he  mentions  a  large  Ammonites,  Inocer- 
amus  digitatus,  Micraster  cortestydiiiarium  (from  Burdale)  and 
Infulaster  excentricus. 

Mr.  Blake  designates  these  beds  as  the  "  chalk  with  imperfect 
flints,"  because,  hke  the  layers  described  on  p.272,  many  of  the  larger 
masses  consist  partly  of  flint  and  partly  of  chalk.  He  describes 
them  as  follows,  "  their  exterior  is  generally,  but  not  always, 
well  marked ;  but  on  breaking  them  open  they  are  foimd  to  be 
by  no  means  entirely  composed  of  flint,  but  are  rather  an  aggregate 
of  angular  masses  of  siliceous  matter  shading  off  rather  rapidly 
into  calcareous,  and  enveloped  in  a  siliceous  envelope." 

In  the  quarry  near  Weaverthorpe  Vicarage  which  is  assigned 
to  this  zone  by  Mr.  Blake  the  beds  are  vertical  and  are  probably 
in  close  proximity  to  a  line  of  fault.  According  to  the  same  wTiter 
the  Micraster  zone  is  well  exposed  in  the  "  Butts  quaiT>'  "  south  of 
Hurimanby  ;  he  describes  the  chalk  there  as  softer  than  in  the 
lower  beds,  but  flints  as  abundant.  He  mentions  Inoceramms 
Brongniarti,  Echinocorys  ^ihhus,  and  Micraster  coranguinnm 
as  occurring  in  this  quarry,  some  of  them  bearing  Polyzoa  and 
valves  of  Spondylus  latus. 

On  the  northern  coast  of  Flamborough  Head  the  greater  part 
of  the  Micraster  Beds  are  inaccessible,  as  they  form  vertical  cliffs, 
the  base  of  which  is  nearly  always  washed  by  the  sea,  and  can 
only  be  view  ed  from  a  boat. 

The  highest  beds,  however,  are  accessible  in  Selwick's  Bay. 
This  bay,  as  Mr.  Lamplugh  has  pointed  out,  owes  its  existence 
to  a  Une  of  fault  which  runs  approximately  from  north-east  to 
south-west,  and  has  an  upthrow  on  the  south-east  side  of 
between  70  and  80  feet.  The  effect  of  this  fault  is  to  bring  up 
the  Chalk-with-flints,  which  on  the  northern  side  of  the  bay  sinks 
to  the  level  of  the  scar,  but  on  the  southern  side  beyond  the  fault 
occupies  nearly  the  whole  of  the  cliff.  Mr.  Lamplugh  managed 
to   measure  the  beds  in  the  eastern  part  of  this  cliff,  and  th'^ 


284  THE  CRETACEOUS   ROCKS  OF  BRITAIN. 

following  is  condensed  from  the  particulars  given  by  him ;   the 

section  in  descending  order  is:— 

Ft.  in. 
First  flintSy  a  band  of  grey  and  yellowish  nodules  [in 

ascending  order  these  are  the  highest  or  last  flints]    -      0    2 

Hard  flaggy  chalk 80 

Band  of  soft  marl  ----.---04 
Hard  flaggy  chalk  with  a  layer  of  marly  chalk  at  base  -  3  6 
Compact  flaggy  and  rather  lumpy  chalk  with  two  layers 

of  ramose  and  palmate  flints 19    8 

Line  of  occasional  flints  of  larger  size. 

Compact  flaggy  chalk  with  flints  both  scattered  and  in 

layers  -.--.----        14    0 

Compact  bedded  chalk  with  a  band  of  grey  flints  in  the 

middle  -       -       ■.-..:       '       "       "       -HO 

line  of  scattered  flints  and  flint  in  joints 

Bedded  chalk  with  many  layers  of  thin  palmate  flints  -  13  0 
Compact  chalk,  to  base  of  cliff  -       -       -  --60 

75     8 

Zone  of  Marsupites. 

Under  this  head  we  shall  include  the  greater  part  of  what  has 
usually  been  called  in  Yorkshire  **  the  Upper  Chalk  without 
flints."  From  the  account  published  by  Mr.  Lamplugh,  and 
from  further  information  furnished  by  Mr.  J.  W.  Stather,  of  Hull, 
it  appears  that  this  flintless  chalk  is  capable  of  being  divided  into 
two  parts  or  zones;  the  lower  part  may  be  termed  the  zone 
of  Marsupites,  from  the  abundance  of  that  fossil  in  its  upper 
portion  ;  the  upper  part  is  characterised  by  Cardiaster  ananchytis 
and  some  other  fossils,  while  Actinocamax  granvlatvs  occurs  in 
both  parts. 

Such  a  division  was  suggested,  in  1876,  by  Professor  Barrois, 
who  referred  to  Schlttter's  sub-division  of  the  Act.  quadratus  chalk 
of  the  Mtinster  district  into  two  parts  —  namely,  a  lower  zone 
of  Inoceramus  lingua  and  Scaphites  birwdoaus ;  an  upper 
zone  of  Becksia  Soekelandi  (a  sponge)— and  Professor  Barrois 
then  remarked  that  "these  sub-divisions  are  quite  recognisable 
in  Yorkshire ;  the  zone  of  Becksia  Soek^laiidi  is  specially 
characterised  by  the  abundance  of  sponges,  and  it  is  a  fact  that 
the  beds  of  Danes  Dyke,  which  are  so  rich  in  Sponges,  also  occur 
in  the  upper  part  of  this  zone  of  Marsupites,  near  Bridlington."* 

In  Yorkshire,  however,  neither  Inoceramus  lingua  nor  Scaphites 
binodosus  are  restricted  to  the  lower  zone,  the  Scaphite,  indeed, 
having  only  yet  been  found  in  some  quanies  near  Bridlington, 
which  must  be  in  the  higher  zone.  The  lower  part  is,  therefore, 
more  satisfactorily  defined  by  the  upper  limit  of  the  range  of 
Marsupites.  Remains  of  this  Crinoid  occur  chiefly  in  certain 
beds  near  Danes  Dyke,  which  have  a  thickness  of  53  feet,  and 
some  have  been  found  lower  down,  giving  a  thickness  of  more 

*Recherches  sur  le  Terr.  Crdt.  Sup^ricur,  p.  109. 
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than  120  feet  for  this  subzone;  none  have  yet  been  obtained 
from  the  lower  273  feet  of  this  flintless  chalk,  some  or 
all  of  which  must  represent  the  subzone  of  Uintcicrinus. 
Actinocamax  granulatus  and  Inocei'amus  lingua  range  down  to 
the  very  lowest  beds,  and  it  will  be  convenient  for  the  present 
to  class  all  this  lower  portion  in  the  zone  of  Marsupites,  which 
thus,  according  to  Mr.  Lamplugh's  measurements,  has  a  thick- 
ness of  402  feet. 

In  the  extreme  south-eastern  part  of  Yorkshire  the  chalk  of 
the  Marsupites  zone  is  either  absent  or  concealed  by  the  glacial 
deposits,  but  it  comes  in  a  little  to  the  south  of  Beverley,  and  is 
exposed  in  three  large  quarries  at  that  place.  For  the  following 
information  about  these  I  am  indebted  to  Mr.  J.  W.  Stather.  The 
largest  is  that  of  the  Victoria  Whiting  Works,  which  is  about 
100  feet  deep ;  east  of  this  is  the  Queensgate  pit  which  is  nearly 
as  deep,  and  the  third  (Davis'  pit)  is  about  60  feet.  The  whole 
of  the  chalk  exposed  is  flintless,  and  a  boring  now  being  made 
(1899J  at  the  Beverley  Waterworks  (close  to  the  Victoria  pit) 
reached  the  first  flints  at  176  feet  from  the  siu'face.  Plates  of 
Marsupites  are  common  in  a  band  near  the  top,  Actinocamax 
granulatus  is  common  throughout,  as  is  Echinocorys  scutatus. 
Cidaris  sceptrifera,  and  a  few  other  fossils  have  been  obtained. 
The  following  particulars  respecting  the  chalk  exposed  in  Davis's 
pit  are  quoted  from  the  "  Transactions  of  the  Hull  Geological 
Society  for  1895-6,"  but  Mr.  Stather  having  sent  me  tlio 
Belemnites  for  examination,  I  am  able  to  state  that  they  are  nil 
referable  to  Actinocamax  granulatus  : —  Ft  in 

Chalk  nibble 10  to  15     0 

Solid  chalk  with  Marsupites  and  Ehynchonella     -       -      5     0 

Soft  chalk 13 

Very  hard  chalk  used  for  road  metal    -       -       -       -      8    9 
Thin  layer  containing  many  Act  granulatus  -       -       -      0    6 

Compact  chalk ----12     6 

Thin  earthy  band 

Hard  chalk  with  Rhynchonella 60 

Chalk  with  Echinocorys  scutatus  and  Act  granulatus      -      7     0 

About  56  0 
From  Beverley  the  flintless  chalk  runs  noithward  by  Kilnwick 
and  Bainton,  and  its  boundary  has  been  mapped  by  the  Geological 
Survey  roimd  a  syncUnal,  which  runs  out  eastward  toward 
Huggate  (see  Fig.  66),  cm-ving  back  by  Tibthorpe  and  Kirkburn. 
West  of  Driffield  it  comes  in  again  by  Garton  and  Wetwang, 
and  spreads  northward  over  a  large  area,  as  well  as  eastward  to 
Bempton,  Flamborough,  and  Bridlington. 

Mr.  Mortimer*  mentions  a  quarry  a  quarter  of  a  mile  north 
of  Wold  Newton,  which  exposes  over  40  feet  of  flintless  chalk, 
and  Mr.  Stather  informs  me  that  he  has  obtained  plates  of 
Marsupites  from  a  small  quarry  near  Bartingdale  Farm,  3  miles 

*  Proc.  Geol.  Assoc.,  Vol.  v.  p.  351  (1878). 
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south  of  Hunmanby  and  from  one  a  little  east  of  Flamborough 
Railway  Station. 

Coming  now  to  the  coast  section,  we  find  the  junction  of  the 
zone  of  M.  coranguinum  with  that  of  Marsupites  exposed  in 
Selwick's  Bay,  on  the  north  side  of  Flamborough  Head.  The 
fault  in  this  bay  has  already  been  mentioned,  and  it  was  probably 
on  the  west  side  of  the  bay  that  Professor  Barrois  took  the  section 
given  in  his  "Becherches"  (p.  197).  Of  this  the  following  is 
a  translation: — 

Feet 

White  chalk  without  flints 33 

Thin  layer  full  of  fragments  of /noc^amt 0 

Chalk  without  flints,  in  beds  of  from  4  to  15  inches  thick  with 

irregular,  yellowish,  indurated  surfaces        -       -       -       -     16 
Chalk  with  seams  of  grey  marl  and  two  layers  of  grey  flints, 
one  thin  and  tabular 16 

65 

Plate  m  (Vol.  n),  shows  the  basal  part  of  the  zone  of  MarmpUes 
as  exhibited  in  the  cliflFs  on  the  northern  side  of  Selwick's  Bay  at 
a  point  known  as  Kindle  Scar.  Like  Plate  JI  it  is  borrowed  from 
Mr.  Lamplugh's  paper  on  the  White  Chalk  of  Yorkshire. 

The  junction  can  be  seen  again  at  High  Stacks,  the  most  eastern 
promontory  of  the  headland  where  according  to  Mr.  Lamplugh, 
a  little  over  100  feet  of  the  Chalk  without  flints  come  in  between 
High  Stacks  and  South  Sea  Landing.  The  distance  is  about 
two  miles,  but  the  coastUne  here  runs  nearly  at  right  angles  to 
the  dip.  The  chalk  is  of  uniform  character,  being  hard  and 
flaggy,  with  many  thin  seams  of  marl,  and  from  this  part  of  the 
coast-section  Mr.  J.  W.  Stather  has  obtained  numerous  small 
fossils,  including  InfvlaMer  rostratus,  Cidaris  (spines),  Parasmiliaj 
etc.  One  of  the  most  productive  bands  occupies  the  base  of  the 
cliff  from  East  Nook  to  Cattlemere  Scar,  a  distance  of  about  a 
mile  and  a  half.* 

Professor  Barrois  also  collected  from  the  same  line  of  cUff  and 
obtained  fourteen  species,  the  most  notable  being  Belemnites 
Merceyi(=granulatus)y  Inoceramus  lingua,  Terebratula  sexradiata, 
Marsupites  omatus,  Off  aster  corculum  (^pillula),  and  Parasmilia 
monilis.  He  remarks  on  the  absence  (or  gi-eat  rarity)  of 
Micrasters,  and  observes  that  Schliiter  has  called  attention  to  their 
absence  in  the  zone  of  Act.  quadratus  in  some  parts  of  Germany. 

Between  South  Sea  Landing  and  Danes  Dyke  is  a  distance  of 
about  a  mile,  but  as  the  dip  becomes  rather  more  pronounced 
and  its  direction  is  south-west,  higher  and  higher  beds  are  brought 
in,  and  Mr.  Lamplugh  measured  a  thickness  of  214  feet  between 
these  two  spots.    Most  of  the  beds  which  he  enumerates  are  de- 

*  Lamplugh,  Notes  on  the  White  Chalk  of  Yorkshire,  Proc.  Yorksh. 
Qool.  and  Pol.  Soc.,  Vol.  xiii.  p.  84  (1895). 
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scribed  as  flaggy  chalk  with  occasional  thin  seams  of  marl,  but 
here  and  there  he  mentions  the  occurrence  of  more  massive 
compact  bands  from  1 J  to  over  2  feet  thick.  Fossils  are  not  abun- 
dant in  tliis  series  of  beds,  but  Mr.  Lamplugh  obtained  Act. 
jraaulatus  and  some  Echinoderms  from  the  upper  part,  and 
Professor  BaiTois  found  Actiiwcamax  verus,  Ostrea  vesicularis,  and 
Bourffueticrinus  dlipticus, 

Mr.  Lamplugh  allows  30  feet  for  the  valley  interval  where  the 
chalk  is  not  actually  seen  at  Danes  Dyke,  and  above  this  he 
found  a  thickness  of  53  feet,  in  which  plates  of  Marsupites 
occur.  From  his  description  most  of  this  consists  of  soft  white 
chalk  which  weathers  into  thin  platy  or  flaggy  pieces,  but  there 
are  occasionally  thicker  beds  of  firmer  chalk,  and  occasional  seams 
of  marl.  Marsupites  are  most  abundant  in  the  upper  26  feet  of 
this  chalk.  Professor  Barrois  obtained  fourteen  species  of  fossils 
from  this  band,  including  Iiioceramus  lingua,  Cyphosoma 
Konigi,  three  species  of  CicLaris,  Marsupites  testudinarius,  and 
Caryophyllia  cylivdracea. 

Zone  of  Actinocamax  quadratus. 

Assuming  that  the  highest  bed  in  which  Mr.  Lamplugh  found 
remains  of  Marsupites  is  the  top  of  that  zone,  then  the  over- 
lying beds  which  come  in  near  the  headland  west  of  Danes  Dyke 
must  represent  the  lower  part  of  the  zone  of  Act,  quadratus  as 
developed  in  the  South  of  England.  It  is  true  that  Act.  quad- 
ratus has  not  yet  been  found  in  Yorkshire,  all  the  Belemnites 
found  by  Mr.  Lamplugh  and  Mr.  Stather  being  referable  to  Act, 
granulatus,  but  the  typical  Act.  quadratus  is  a  rarer  fossil  in 
England. 

These  upper  beds  of  the  coast  section  are  characterised  by  the 
abundance  of  Sponges,  and  by  the  occurrence  of  GardiaMer 
ananchytis,  but  Offaster  piLlula  seems  to  be  rare,  so  that  the 
fauna  differs  in  some  respects  from  that  of  the  beds  which  are 
presumably  their  equivalents  in  the  southern  counties. 

From  Ikb*.  Lamplugh's  account  we  learn  that  the  beds  which 
contain  Marsupites  are  succeeded  by  chalk  which  differs  Uttle 
in  lithological  aspect,  consisting  of  alternating  beds  of  flaggy  and 
compact  chalk  with  occasional  seams  of  marl.  It  is  in  this 
portion  of  the  section  that  the  Calcispongia  are  so  abundant,  their 
occurrence  constituting  one  of  the  most  striking  peculiarities 
in  tlie  palaeontology  of  the  Yorkshire  Chalk.  Many  genera  are 
present,  including  PhymateUay  Bolospongia,  and  SticJiophyma,  and 
in  higher  beds  Verruculina,  SeliscothoUy  and  Scytalia.  Actino- 
carruix  granulosus  is  not  rai*e.  Mr.  Stather  has  found  Cardiaster 
ananchytis,  and  Infulaster,  and  Prof.  Barrois  records  Offaster 
pillula.    These  beds  have  a  thickness  of  about  120  feet. 

The  very  highest  beds  under  Sewerby  Park  consist  of  chalk 
which  weathers   into    thin  flaggy  pieces^  about   35    feet  being 
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exposed.  Mr.  Slather  reports  that  Cardiaster  ananchytis  is  not 
uncommon.     Ventriculites  cribrosus  and  other  sponges  also  occur. 

The  exposures  on  White  Hill  north-west  of  Bridlington,  and 
on  Bessingby  Hill  to  the  south-west  must  be  in  higher  beds  than 
any  seen  along  the  coast,  and  for  these  Mr.  Lamplugh  allows  an 
additional  thickness  of  100  feet. 

A  sharp-keeled  Ammonite,  obtained  by  Mr.  Stather  from  the 
Marswpitea  zone  at  Beverley,  was  sent  to  Mr.  G.  C.  Crick,  of  the 
British  Museum,  who  states  that  it  comes  nearest  to  Am.  pseudo- 
gardeni  of  Schliiter.  Two  Scaphites,  obtained  by  Mr.  Stather 
at  White  Hill,  were  recognised  as  probably  So.  binodost^  by  Mr. 
R  T.  Newton. 

Fossils  of  the  Upper  Chalk  of  Yorkshire. 

The  following  list  of  fossils  has  been  compiled  from  several 
sources ;  the  authorities  for  the  occurrence  of  the  species  are 
indicated  by  letters,  and  are  as  follows  :— 

B.— Species  recorded  by  Professor  Barrois  in  his  "Recherches 
sur  le  Terrain  Cr^tac^  de  TAngleterre  et  de  Tlrlande  "  (1876). 

H.— Species  described  by  Dr.  Hinde  in  his  Catalogue  of  the 
Fossil  Sponges  in  the  British  Museum. 

L.— Fossils  in  the  collection  of  Mr.  G.  W.  Lamplugh,  identified 
at  Jermyn  Street. 

M.— Fossils  in  the  collection  of  Mr.  Mortimer,  of  DrijBBeld,  re- 
corded by  Mr.  J.  F.  Blake  in  Proc.  Geol.  Assoc,  Vol.  v.  p.  232 
et  seq.  (1878). 

S.— Fossils  collected  by  the  Geological  Survey,  including  those 
obtamed  by  Mr.  W.  Hill  in  1899. 

St.— Fossils  obtained  by  Mr.  J.  W.  Stather,  of  Hull. 
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»»  "P- 

Hamitessp. 

Scaphites  binodbeus  ?  Jtoemsr  .       .       •       • 
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Lamellibranehiata. 
Avicula  tenulcoeta,  Roemer      .... 


„       sp.  -       .       .       - 

InoceramuB  Brongniarti,  Sow. 
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•  Found  at  White  Hill,  near  Bridlington. 
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,       •ogptntn*,  Jfaii/.  - 
„       tnbTMlmloa]  <tOi*, 
Gjpbstama  KoBlfl.  Maul. 


Cu^opliTllla  <'}IIndnu:isi.  Rihm 


inoplvlU'  ■'} 


igb  npltoU,  r.  Sm< 


UkBOB  murpiaHiU'.  «-■». 
FwhlnKn  icrtptoni  1  Bujde 
Padiutnllk  oonTOlnU. »««(( 
FtajinatsUa  rmkulaU,  Hinde 
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CHAPTER  XXL 
THE    UPPER   CHALK    IN  FRANCE. 

To  give  an  account  of  the  Upper  Chalk  of  the  Paris  basin  as  a 
whole  would  of  course  be  a  great  undertaking,  and  would  occupy 
too  much  space ;  but  in  this  chapter  we  propose  to  give  brief 
accounts  of  the  succession  of  beds  to  be  found  in  the  north-eastern 
and  in  the  north-western  parts  of  the  Paris  basin,  in  order  to  show- 
that  this  succession  is  substantially  the  same  as  that  which  has 
l)een  described  in  England. 

Just  as  in  1876  Professor  Barrois  de8cril:>ed  the  English  Chalk 
from  a  French  point  of  view,  so  now  it  will  be  interesting  to  regard 
from  an  English  point  of  view  those  parte  of  the  formation  in 
Prance  which  correspond  to  our  Upper  Chalk.  We  shall  thus  see 
that  whatever  classification  may  ultimately  be  adopted  it  will  be 
equally  applicable  to  the  North  of  France  and  to  the  South  of 
Ekigland. 

1.  The  North-east  of  France. 

Pas  de  Calais  and  Nord. — There  is  no  cliff-section  in  the  Pas 
de  Calais  comparable  with  that  of  the  Kentish  coast.  The  zone 
of  HolaMer  planus  comes  into  the  top  of  the  cliff  at  Cap  Blanc  Nez 
(see  Vol.  n  Fig.  85  ),  but  the  cliff  ends  at  Sangatte,  and  the  shore 
to  the  east  of  Calais  is  low  and  bordered  by  sand  dunes. 

According  to  Dr.  Barrois,*  hard  rough  chalk  belonging  to  the 
35one  of  Micraster  cortestvdmarvwm  is  seen  in  the  down  above 
Blanc  Nez  cliff  and  at  Setques,  where  it  is  quarried  as  a  building 
stone.  Still  higher  above  Blanc  Nez  the  zone  of  M.  coranguinwm, 
comes  in,  and  is  also  exposed  in  old  pite  north  of  Peuplingue,  with 
the  usual  fossils,  and  is  traceable  southward  into  the  Department 
du  Nord. 

Still  higher  beds  are  found  to  the  west  of  St.  Omer,  and  are 
referred  by  Professor  Barrois  to  the  zone  of  Marsupites,  although 
no  plates  of  that  fossil  have  yet  been  found  in  them.  He  describes 
the  chalk  of  this  horizon  as  pure,  soft,  and  white,  with  veiy  few- 
flinte,  and  as  containing  among  others  the  following  fossils  :— 


Actinocamax  verus, 
Lima  Hoperi. 
Pecten  nitidus. 
Bourgueticrinus  ellipticus. 


Cidaris  olavigera. 

,,      sceptrifera. 
Echinoconiis  conicus. 
Micraster  corangiiinura. 


The  chalk  of  the  department  of  the  Nord  has  been  well  described 


•  Proc.  Qeol.  Assoc..  Vol.  vi.  p.  30  (1879). 
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by  M.  Gosaelet,*  and  more  recently  by  L.  Cayeux-f  In  the 
district  of  Cambresis  the  fonner  divided  this  part  of  the 
formation  into  three  bands  :  — 

3.  White  chalk  with*conchoidal  fracture. 

2.  Glauconitic  chalk. 

1.  Chalk  with  horn-like  flints  (craie  k  cornns). 

The  '*  craie  k  cornns  "  is  a  soft  white  chalk  containing  many 
flints  of  irregular  elongate  shapes,  lying  both  in  layers  and  scattered 
through  the  mass.  The  principal  fossils  are  Ostrea  sulcata 
(semiplana),  0.  hippopodvum,  Scaphites  Gevaitzi,  Uolaster  planus, 
and  Micraster  brevvporus  ( ==Leskei),  "  This  chalk  has  a  thickness  of 
from  20  to  25  metres  (65  to  80  feet)  in  the  cantons  of  Quesnoy  and 
Solesmes.  .  .  .  Near  Valenciennes  it  has  a  thickness  of  15 
metres  (49  feet),  but  only  8  or  9  metres  at  Wiers  and  Conde.  In 
Flanders  it  crops  out  near  Cysoing  and  Bouvines,  but  its  thick- 
ness is  not  more  than  1  metre  (3  feet  3  inches).^ 

The  glauconitic  chalk  which  overlies  the  "  craie  a  cornus  "  in  the 
Cambresis  is  a  greyish  chalk  with  glauconite  grains  and  much 
phosphate  of  lime,  either  disseminated  through  it  in  small  grains 
or  occurring  as  nodules.  At  Avesnes  les  Aubert  this  bed  has  a 
thickness  of  six  metres  (20  feet),  but  it  appears  to  thin  out  toward 
the  north.  M.  Gosselet  records  the  occurrence  of  Micraster  brem- 
porus  and  M.  cortestudvnariv/m,,  the  latter  ranging  up  into  the 
overlying  compact  white  chalk,  the  greater  part  of  which 
probably  belongs  to  the  same  zone. 

Near  Lille  these  beds  are  greatly  reduced  in  thickness,  and  form 
part  of  a  group  which  seems  to  have  been  formed  in  shallower  w^ater. 
Professor  Barrois  gives  the  following  section  at  Annappes  :— 

FeeU 

White  chalk  of  Lezennes.  etc. about     26 

^Glauconitic  chalk  with  M.  cortestttdinarium  in  two  beds 

B -j     each  5  J  feet  thick  -        -  11 

I  "Tun,"  a  bed  of  yellow  phosphatic  nodules  -        -       -      2 

rOrey  marls 6J 

A  -[  White  **  tun,"  a  bed  of  whitish  nodules  -        -        -        -       2 

I  Marl  with  elongate  flints *       1} 

Difeves  with  Terebraluliva  gracilis. 
The  beds  in  the  bracket  A  were  regarded  by  Professor  Barrois  as 
the  equivalent  of  his  M.  hreoiporus  zone,  which  is  nearly  the 
equivalent  of  our  zone  of  Holaster  pla  nus,  and  those  in  the  bracket 
B  as  that  belonging  to  the  M.  cortesfudinarium  zone.  The  white 
tun  is  not  phosphatic,  and  he  regarded  it  as  equivalent  to  our 
Chalk  Rock.  The  nodules  of  the  upper  tun  contain  15  per  cent,  of 
phosphoric  acid,  and  they  are  large,  waterworn,  and  covered  with 
Oysters,  Spondyli^and^Serpvlcp. 

*  Descrip.  g^ologiquc  du  Cambresis,  Mem.  Soc.  d*emulation  de  Cambrai, 
1865,  and  Es'^uisse  g^l.  du  nord  de  la  France,  p.  141,  18. 
t  Craie  grise  du  Nord  de  la  France.     Ann.  Soc.  G^l.  Nord.  xvii.  p.  105. 
I  Barrois,  Terr.  Cret.  des  Ardennes.     Ann.  Soc.  OM.  Nord,  T.  v.  p.  431. 
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The  white  chalk  which  is  exposed  near  Lille  and  T/ezennes  has  been 
described  by  Gosselet,  Cheillouneix,  Ortlieb,  Barrois,  and  otherB. 
It  was  by  them  I'ef erred  to  the  zone  of  A/,  corte^t/udinarivm,,  but 
doubts  were  expressed  by  Professor  Barrois  in  1874,  and  in  1875* 
M.  de  Mercey  wrote  that  the  pi'esence  of  Inoceram/us  Mantellij 
Inoc.  iatvolutus,  and  BdeTmtites  svIfveiUricosvs  suggested  its 
being  referable  to  the  zone  of  M.  corangninum.  Tliis  view  was 
adopted  by  Professor  Barrois  in  1878,f  though  he  maintained 
that  both  M.  coranguintmb  and  A/,  cort^tudinarvmi  occur  in 
these  beds. 

Still  more  recently  (1889)  M.  de  Grossouvre  has  correlated  this 
chalk  of  Lezennes  with  the  lower  part  of  the  chalk  of  ViUedieu, 
in  Touraine,!  and  refers  both  of  them  to  the  higher  part  of  the 
zone  of  M,  cortestudmariwn,.  He  states  that  two  characteristic 
species  of  Ammonites  occur  at  both  localities.  One  of  these  is 
Am.  tricarina4iU8,  d'Orb,  and  the  other  is  a  new  species,  which  he 
has  since  described  as  Am.  [Peroniceraa]  Moureti. 

The  chalk  of  Lezennes  is  described  as  soft,  white,  and  homo- 
geneous, with  many  black  flints.  -Fossils  are  fairly  common, 
including  the  teeth  of  many  species  of  fish,  and  the  following 
invertebrates  : —  I    J 


Ammonites  perami^us.  Pecten  cretosus. 

„  Moureti.  Lima  Hoperi^ 

„  tricarinatuR. 

Actinocamax  westphalicus. 
Inoceramus  digitatus. 
„  involutUB. 

Mantelli  (?  =  latus) 


»« 


Epiaster  gibbus. 
Echinoconus  conicus. 
Micraster  cortestudinarium 
Echinocorys  gibbus. 


Aisne,  Mame,  and  Ardennes. — ^Throughout  the  eastern  part  of 
the  Paris  basin  a  band  of  chalk  has  been  recognised  by  Professor 
Barrois  and  others  under  the  name  of  the  "  craie  k  Micraster 
breviparus,'*  and  Barrois  has  found  that  it  is  everjrwhere 
divisible  into  two  zones. 

Of  these  two  zones  he  says  the  lower  (zone  of  Holaster  planus 
maintains  the  same  character  throughout  the  whole  region,  but 
the  upper  (zone  of  Epiaster  brevis)  presents  three  distinct  facies, 
which  he  describes  under  the  names  of  the  chalk  of  Bethel,  the 
chalk  of  Chaumont  Porcien,  and  the  chalk  of  Vervins. 

The  zone  of  Holaster  plam/as  is  everywhere  a  narrow  band  of 
hard  and  often  nodular  chalk,  only  a  few  feet  in  thickness,  and 
recognised  by  Professor  Barrois  as  the  counterpart  of  what  we 
know  in  England  as  the  "  Chalk  Eock." 

The  upper  division  is  from  100  to  130  feet  thick,  and  its  three 
facies  are  as  follows  :  — 


*  Ann.  See.  G^l.  Nord,  T.  ii.,  p.  120(1875). 

t  Ann.  Soc.  0^1.  Nord,  T.  v^  p.  468. 

X  Bull.  Soc.  G^.  ie  France,  Ser.  3,  T.  xvii.  p.  521. 
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1.  The  chalk  of  Vervins  and  Guise  is  described  as  soft,  friable, 
greyish-white  in  colour,  containing  some  disseminated  silica  and 
some  fine  argillaceous  matter,  and  enclosing  flints  which  are  always 
black  inside,  with  a  white  coating,  and  are  very  variable  in  shape, 
round,  elongate,  branched,  or  tuberculous,  with  a  rough,  irregular 
surface ;  they  occur  lx)th  scattered  and  in  layers,  and  ai*e  of  all 
sizes,  from  that  of  a  small  marble  to  lai*ge  masses  like  our 
"  Paramoudras/'  Fossils  are  abundant  in  this  chalk,  which  is 
about  100  feet  thick,  and  it  has  yielded  many  of  the  same  species 
of  Cephalopoda  as  those  which  occm*  in  the  Gei^man  and  English 
zone  of  Heteroceras  reussiamMn.    The  following  is  a  list  of  these  :— 


Nautilus  subleevigatiiB. 

„       BeuBsi. 
Ammonites  Neptuni. 

M  perampluB. 

„  of.  goupilianiu. 


BacuUtes  bohemicus. 
Scaphites  Qeinitzi. 
„        auritus. 
Heteroceras  reussianum 


2.  The  chalk  of  Chaumont-Porcien,  further  south,  consists  of 
greyish  and  whitish  marls,  some  of  which  are  argillaceous  and 
sandy,  containing  flints  of  a  bluish-grey  colour,  which  adhere  to 
the  surrounding  chalk  like  cherts.  Fossils  are  not  nmnerous, 
but  include  HoUiater  pUwAAS,  Micraater  breviporua  (^Leskei),  and 
allied  species,  Terebratvla  hibemica,  and  some  common  bivalves, 
but  the  only  Cephalopod  recorded  is  Scaphites  Gevnitzi. 

3.  The  chalk  of  Bethel,  in  the  coimtry  of  the  Kethelois  and 
Champagne,  is  a  mass  of  homogeneous  white  chalk,  without  flints 
and  with  few  fossils,  recalling  in  its  general  aspect  the  chalk  of 
our  English  zone  of  Terebratvlma  rather  than  that  which 
usually  overUes  the  Chalk  Rock.  It  has  a  thickness  of  about 
40  metres  (130  feet). 

Prof.  Barrois  thought  than  in  these  departments  of  Aisne, 
Ardennes,  and  Marne  there  was  no  chalk  which  could  be  referred 
to  the  zone  of  Micraster  cortestudiiiariwnh,  but  it  has  since  been 
shown  that  his  zone  of  Epiaater  brevis  corresponds  to  that  of 
M,  cortestudinarium,  and  this  is  directly  succeeded  by  chalk 
which  has  the  character  and  fauna  of  the  M .  cortinguvwwn  zone. 

In  the  Ardennes  the  zone  of  M.  corangtmivm  consists  of  t3oft 
white  chalk  without  flints,  but  in  the  Aisne  it  passes  into  a 
hard  white  or  yellow  chalk  containing  siliceous  nodules  and 
intercalated  beds  of  crystalline  dolomitic  sand. 

MaraupUes  have  not  yet  been  foimd  in  these  departments,  though 
Prof.  Barrois  thinks  the  zone  is  represented  in  his  "  assise  a 
Micraater  coranguinum/'  Plates  of  MaraujrUea  have,  moreover, 
been  found  at  Sens  in  the  Yonne  and  at  Beauvais  in  the  Oise ; 
and  M.  de  Grossouvre  informs  me  that  they  are  associated  with 
Actinocar)iax  ve')*us,  Act  granidatv^  and  Act,  Gh^oasouvreHyrYnch 
has  a  very  shallow  alveolus,  and  is  a  variety  of  Act  Towcasi), 
Thus  there  is  no  doubt  that  the  zone  exists,  though  in  some 
places  its  thickness  may  be  very  small. 
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The  zone  of  Ajctitwcamax  quadratus  was  recognised  by  Hubert 
in  1863  at  Epernay,  B^ins,  I^n,  and  La  Fere^  and  has  since  been 
traced  by  M.  Peron,  M.  de  Mercey,  and  others  roiind  the  southern, 
eastern,  and  noi-them  sides  of  tlie  Tertiarj-  basin  of  Paris,  but  has 
not  yet  Ijeen  recognised  to  the  eastward.  Ab  in  England,  it  is 
characterifled  l)y  Actirwcamax  quadratus  and  Off  aster  pUlula, 
together  with  Micraster  glyphus,  Sco'phites  constrictus,  and 
Hamiies  carolinus. 

In  Picardy  a  band  of  phospliatic  chalk,  similar  to  that  of  Taplow, 
occurs  over  a  considerable  area  at  the  l>ase  of  the  zone  of  Actino- 
camax  quadratus.  It  has  Ijeen  worked  at  Beauval,  near  DouUens, 
and  near  Hallencourt  (Somme),  as  well  as  at  HardiviUiers  (Oise), 
and  other  places.  The  DouUens  locality  lias  been  described  by 
M.  Lasne,*  who  gives  the  following  succession  :— 

FeeU 
4.  Soft  white  chalk  with  flints. 
3.  Qrey  chalk  with  a  nodular  bed  of  rich  phosphate  at  the 

base,  Ad.  gtujuiraius  and  Act.  verus    -        -        -        -    20  to  80 

2.  Soft  white  clialk  without  flints 30 

1.  Chalk  with  inany  layers  of  flints,  hard  and  nodular  in  the 

lower   part  about    60 

The  lower  beds  (with  flints)  are  regarded  as  belonging  to  the 
zone  of  M.  cartestudinariuniy  so  that  No.  2  occupies  the  place 
of  the  M.  caranguvnum  zone,j_and  there  would  seem  to  have  been 
contemporaneous  current  erosion,  by  which  some  thickness  of 
chalk  was  carried  away  before  the  formation  of  No.  3. 

M.  de  Grossouvre  informs  me  that  there  has  undoubtedly  been 
such  erosion,  for  the  surface  of  the  white  chalk  (No.  2)  is 
hardened  and  perforated  and  covered  with  Ostrea  aemiplana. 
He  has  also  pointed  out  that  at  HardiviUiers  and  other  places 
three  distinct  horizons  can  be  distinguished  in  the  grey 
phosphatic  chalk,  as  below  in  descending  order : — 

Chalk  with  Act.  quadratus  and  Bd.  mucronata, 
„  „  Act.  quadratvs  and  Qffdster  ptllula^ 
„         „     Act.  verus  and  Act.  Grosgouvrei  only. 

and  he  regards  the  lowest  of  these  as  the  equivalent  of  the  zone 
of  Marsiipites.f 

M.  Lasne  describes  the  grey  chalk  of  Doullens  as  consisting  of  a 
white  chalky  paste,  crowded  with  minute  grains  of  brown  phos- 
phate of  lime,  all  of  which  are  derived  from  small  organisms.  A 
sample  of  the  rock  was  also  examined  by  Mr.  Strahan,J  who 
writes :— "  The  grains  are,  on  the  whole,  larger  and  darker  than 
those  in  the  Taplow  chalk,  but  they  consist  of  foraminifera, 
prisms  of  Inoceramus-shell,  bone  fragments  and  oval  pellets,  and 
in   all   essential   points  the  two  deposits  are    identical.     After 

*  Bull.  Soc.  Geol.  France,  Ser.  3,  T.  xviii.  p.  441  (1890). 

t  See  Bull.  Soc.  G^l.  Fr.  Ser.  3.  t  xxii.  p.  57,  and  t.  xxvii.  p.  132. 

t  Quart.  Journ   OM.  Soc.*  Vol.  xlvii.  p.  362  (1691). 
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treatment   with    acetic   acid,   this  chalk   furnishes    remarkably 
beautiful  specimens  of  phosphatised  organisms." 

The  zone  of  Bdemnitdla  rwucronata  (or  the  chalk  of  Meudon, 
near  Paris)  does  not  occur  continuously  all  round  the  border  of 
the  Tertiary  area,  but  is  recognisable  along  the  valley  of  the  Seine 
from  Montereau  to  Villenauxe,  and  thence  northward  by  Sezannes 
to  Epernay. 

It  is  perhaps  in  nhe  department  of  the  Yonne  that  the  Upper 
Chalk  of  the  raris  Basin  is  most  fully  developed,  and  it  has  been 
studied  by  M.M.  Lambert  and  Peron.*  Lambert  divides  the 
Senonian  into  an  upper  and  lower  stage,  each  comprising  two 
substages  and  divisible  into  several  zones  which  he  mdicates  by 
letters  instead  of  by  special  fossils.  His  scheme  (including 
the  Turonian)  is  as  follows :  — 

EUujes.                          Assises.  Zoiies.  MHres, 

Senouien  J  a  Belemnitella  mua'onata  P.  and  O.  30 

sup^rieur  la  Actiiiocanuix  qtuidratus  N.  and  M.  70 

Senonieu  ck  Micraster  co^'an^uiwum  L.K.J.L  70 

inf^rieur  ^a  Miaust^'  decipiens  H.G.F.  80 

m  j  a  Jfwrfisf^r  brexripai'us  E.D.C.  70 

luroii.eii  \  ij^  jjioceiyunus  Utbidtus  B.A.  60 

The  equivalent  of  our  zone  of  HoUister  planus  is  his  zone  E, 
which  is  10  metres  (33  feet)  thick  and  yields  Scaphites  Geinitzi, 
Holaster  planus  and  Alicr,  breviporus  (  =  Leskei).  The  Micraster 
identified  as  decipiens  (Bayle)  is  stated  by  M.  Lambert  to  be  the 
form  generally  Known  in  England  anci  France  as  cortestudi- 
nariunv,  but  he  regards  it  as  distinct  from  that  species  which  in  his 
opinion  has  not  yet  been  found  out  of  Germany.  Zone  L.  contains 
Mdrsupites  and  zone  P.  terminates  in  a  hard  limestone.  It  will 
be  seen  that  the  beds  which  correspond  to  our  Upper  Chalk  have 
here  a  thickness  of  260  metres  (or  852  feet) :  borings  near  Paris 
seem  to  indicate  a  thickness  of  about  300  metres  (or  980  feet). 

2.  The   Nobth-West   of   France. 

In  dealing  with  this  region  it  will  be  convenient  to  describe 
the  beds  which  form  the  zones  of  Holaster  planus  and  Micraster 
cortestudinarium  in  the  first  place,  and  then  to  give  a  brief  account 
of  thase  which  represent  the  higher  part  of  our  Upper  Chalk. 

A.  The  Ijower  Zones.— These  zones  in  their  normal  aspect  are 
well  exix>sed  in  the  cliffs  of  the  coast  north-east  of  Fecamp,  and 
have  been  described  by  Hebert.f  Above  the  chalk  with  Inocera- 
rmbs  l-abiaims  (which  includes  the  zoneof  Terebratulina)  comes  chalk 

♦  Lambert :  Notice  strat.  siir  T^tage  Seuonien  des  en  v.  de  Sens  (1878) ;  et 
Note  8ur  la  craie  du  dept.  de  T Yonne,  Bull.  See.  G4ol.  Fr.  S.  3.  t.  vii.  p.  202. 
(1879).  Perou  :  Terr,  de  craie  dans  le  S.E.  du  bassin  anglo-parisien,  Bull 
Soc.  8c.  hist,  et  nat.  deTYonne  (1887). 

t  BuU.  Soc.  G^ol.  de  France,  Ser.  3,  T.  iii.  p.  620  (1876). 
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containing  Oephalopods  and  Hdaster  plaawu ;  this  has  a  thickness 
of  6  to  8  metres  (20  to  25  feet).  This  is  succeeded  by  the  chalk 
with  Micraster  cortestudin/irium,  which  forms  the  top  of  the  cUff , 
but  as  the  beds  dip  to  the  north-east  they  can  be  studied  in  detail 
and  their  thickness  measured  between  Senneville  and  the  Petites 
Dalles.  This  thickness  is  found  to  be  56  metres  (=180  feet). 
He  says  that  the  upper  limit  of  this  chalk  as  seen  at  Yeulette  is  an 
indurated  surface  perforated  mth  tubules,  and  that  this  surface 
is  cut  obliquely  across  several  of  the  beds  of  the  M.  cartestudi- 
narmn  zone,  so  that  the  overlying  chalk  with  zoned  flints  is 
actually  unconformable  to  the  beds  below. 

Hubert  was  also  of  opinion  that  the  M .  (xniestudvnurium  chalk 
becomes  rapidly  thinner  to  the  west  of  Fecamp,  being  only  16 
metres  (49  feet)  at  Yport,  and  only  4  metres  (13  feet)  at  Etretat ; 
but,  as  he  elsewhere*  states,  that  its  thickness  at  St.  Jouin,  still 
further  west,  is  25  metres,  there  would  seem  to  be  some  confusion 
between  its  real  thickness  at  the  intermediate  places  and  the 
thickness  of  it  which  is  actually  seen  above  the  beach.  So  far  as 
I  can  ascertain,  no  one  has  yet  reexamined  the  zonal  divisions 
in  this  fine  cliff  section.  Hubert  mentions  at  Etretat  a  yellow 
sandy  chalk  passing  into  a  sandstone  (gres),  and  containing 
M.  cortestudiruiriAmi  in  abundance.  Mons.  Lennier  describes 
the  lower  beds  exposed  at  Cap  Antifer  as  "  hard  siUceous  compact 
white  chalk,  with  rolled  green  and  yellow  nodules  and  irregular 
veins  of  grey  chalk."     Evidently  these  resemble  our  Chalk  Bock. 

In  the  valley  of  the  Seine  near  Rouen,  and  again  at  Vill^uier, 
the  zone  of  Holdster  plarvus  has  quite  the  aspect  of  our  Chalk  Kock. 
The  following  is  a  description  of  the  section  exposed  in  a  quarr 
near  the  top  of  St.  Catherine's  Hill  at  Bouen,f  the  measurements 
given  in  metres  being  translated  into  feet  :— 

Ft  in. 
White  chalk  with  a  thin  continuous  seam  of  flint  at  base     20    0 

Soft  shaly  white  chalk 40 

Very  hard  nodular  limestone  with  many  fossils,  Am. 

prosperianusy  Nautilus  sublcevigatuSj  Micmsier  brevi- 

porusj  Rhynchonella  plicatilis U  10 

Chalk  with  loose  nodules  of  hard  chalk,  and  some  black 

flints  of  elongate  shape;  Micraster  breviporus    -        -      6     6 
Beds  of  compact  chalk  with  three  layers  of  hard  nodules, 

and  two  layers  of  flints  ;  Holaster  planus  and  Micr. 

breviporus 13     8 

Hard  white  nodular  chalk,  in  two  beds  -        -        -        -      7     6 
Thin  layer  of  marly  chalk     -       -       -       .       .       -      0     ij 
Compact  white  chalk  with  scattered  flints. 

Over    50    0 


*  Bull.  Soc.  Geol.  Norm.,  Vol.  vi.  p.  415. 
t  Bull.  Soc.  G^ol.  Norm.,  vol.  vL,  p.  387. 
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At  Villequier  there  were  formerly  large  quarries,  described   b}* 
\L  Lennier,  from  whose  account  the  following  is  abridged  :— 

Feet. 
Soft  white  chalk  with  layers  of  small  caveruous  tliuts. 

[  Firm  white  chalk  with  larger  flints  {Bryozoa)     -  30 

Soft  white  chalk  with  many  layers  of  small  solid  Hinti) 

having  long  projections  (comus)   -        -        -        -     2(5 
.Uternations  of  hard  {bancs  jauties)  and  soft  chalk        42 
Soft  ciialk  with  solid  flints  and  some  continuous 
seams  {bi2€ts)j  and  a  hard  yellowish  layer  in  the 

lower  part      -        - 33 

,  Continuous  seam  of  flint. 
Alternations  of  soft  white  chalk  and  hard  yellowish 

gritty  chalk  .-.----i^ 

Chalk  with  yellow  and  green  nodules  (?  top  of  Chalk 
Rock)     -        -        .        -  ....         J 


h 


V 


About  150 


Compai'ing  this  with  the  sections  at  Kouen  and  Fecamp,  it 
would  seem  that  the  beds  in  the  bracket  B  are  referable  to  the 
zone  of  M.  corteatudinarium,  and  have  a  thickness  of  about  130 
feet,  while  the  beds  below  may  be  referred  to  the  zone  of  HoUtster 
plaaus,  the  base  of  which  was  not  exposed. 

There  seems  to  be  httle  information  about  the  country  to  the 
south  of  Villequier  and  the  south-west  of  Bouen,  and  when  this 
part  of  the  Chalk  comes  to  the  surface  again  in  the  valley  of  the 
Lou*e  it  presents  a  very  different  aspect.  The  Turonian  succession 
of  this  district  has  been  described  in  Volume  II.  of  this  memou% 
and,  according  to  M.  de  Grossouvre,  the  equivalent  of  the  zone 
of  HolcLSter  planiLs  and  M.  breviporus  is  a  yellowish  sandy  and 
micaceous  chalk,  with  a  fauna  of  Bryozoa,  Sponges,  Echinoderms, 
and  Oysters.  Above  this  near  ViQedieu  are  hard  white  crystalline 
limestones,  which  are  quarried  at  Bibochere  to  a  depth  of  4  metres 
(13  feet) ;  these  contain  Ammonites  Noudiy  Scaphiies  Gevaitzi, 
hwceram/aa  Lam^irdd,  Acteonella  crasaa,  and  many  other  fossils, 
and  are  considered  by  M.  de  Grossouvre  to  represent  the 
northern  zone  of  Micraster  coTtestudinariv/m* 

B.  The  Higher  Zones.—So  far  as  we  can  ascertain,  no  more 
recent  description  of  the  cliff  sections  of  Normandy  exists  than 
that  of  Hubert,  published  in  1875.  No  later  paper  is  referred  to 
by  M.  de  Lapparent  in  the  last  edition  of  his  Traite  de  G^ologie 
(1900),  and  though  Hebert  did  excellent  pioneer  work  in  zonal 
sub-division,  a  revision  of  the  succession  is  much  required.  In 
the  absence  of  this  we  can  only  refer  to  Hebert's  account.f 

Hebert  divides  the  zone  of  M.  coramjiiinum  as  seen  in  these 
cliffs  into  two  parts  or  **  assises  "  :  (1 )  Craie  k  silex  zones  (chalk 

*  Op.  city  p.  507  and  Table  on  p.  522. 

t  Bull.  Soc  Geol.  de  France,  Ser.  3,  T.  iii.,  p.  512. 


298  THK  OKlfiTACEOUa   KOCK8   OF   BKITAIN. 

with  banded  flints),  and  (2)  craie  k  silex  noirs  caries  (chalk  with 
cavernous  black  flints).  The  following  notes  are  quoted  from 
his  account :—  From  Etretat  to  F^mp  the  craie  k  silex  zon^ 
is  nearly  horizontal,  and  forms  nearly  the  whole  of  the  cliff  from 
Yport  to  Fecamp ;  it  contains  Cidaris  perornata  and  Bryozoa 
in  abundance,  but  Micraster  coranguinvmi  is  rare.  The  steps  of 
Benouville  afford  an  excellent  section  of  this  chalk,  the  tliick* 
ness  there  seen  being  about  65  metres  (213  feet),  but  the  full 
amount  may  be  70  or  75  metres. 

At  Fdcamp  thei*e  is  a  powerful  fault  with  a  thi'ow  estimated 
by  Hebert  at  100  metres  (328  feet),  which  brings  upi  the  Ceno- 
manian,  and  carries  the  zone  of  M,  caranguvnvmi  to  the  upper 
part  of  the  cliff  between  that  place  and  Senneville. 

The  higher  division  of  this  chalk  can  be  seen  in  the  southern 
cUff  at  Fecamp,  but  is  not  there  accessible.  It  comes  in  again 
at  Port  Susette,  near  St.  Valery,  and  forms  the  greater  part  of 
the  cliff  between  there  and  Dieppe.  He  states  that  the  jxmction 
of  the  chalk  with  banded  flints  and  that  of  the  chalk  with  cavernous 
flints  is  well  seen  east  of  St.  Valery,  and  consists  of  a  bed  about 
2  metres  thick,  without  flints,  soft  in  the  lower  part,  very  hard  at 
the  top,  and  pitted  with  tubular  perforations.  Above  this  the 
beds  dip  to  the  east,  and  the  following  succession  comes  in  :— 

MHres, 
I.    Chalk  with  M,  coranguinum    and  a  layer  of  broken 
Inocerami  one  metre  above  the  base  and  a  hard  bed  at 

at  the  top  (xx)       -       - 20 

H.  Chalk  with  regular  layers  of  flints,  and  a  hard  bed  at  the 

top(zz) about  40 

Q.  Chalk  with  a  hard  bed  at  the  top  (ss)  -        -        -        -        -  9 

F.  Chalk  with  many  continuous  layers  of  flint    -       -       -  40 

E.  Chalk  with  flints  and  many  M.  coranguinum  -       -       -  2d 

o.  Hard  bed  at  top  of  chalk  with  banded  flints    -       -       -  2 

Twelve  metres  above  the  hard  bed  (xx)  three  nodular  bands  are 
seen,  which  half-way  between  Pourville  and  Dieppe  are  about 
30  or  32  metres  above  the  beach.  The  cliff  here  is  91  metres 
high,  so  that  above  these  bands  there  is  nearly  60  metres  of  chalk 
which  is  not  accessible.  Fallen  blocks,  however,  show  that  it 
consists  of  soft  white  chalk  with  small  flints,  and  Hubert  was 
unable  to  find  any  fossils  in  them ;  he  remarks  that  it  may  belong 
to  the  M.  coranguimAim  chalk,  or  possibly  to  the  Bdemnitdla  chalk. 
When  he  wrote  the  zone  of  Mcermpites  had  not  been  established, 
and  it  seems  very  probable  that  some  of  this  chalk  with  small 
flints  belongs  to  the  zone  of  MarsuyiU&  or  Margate  chalk. 

If  Hubert's  estimates  of  thickness  are  correct,  and  there  is  no 
faulting,  the  total  thickness  of  the  chalk  with  cavernous  flints 
will  be  137  metres  (450  feet),  but  he  thinks  there  may  be  a  fault 
with  a  throw  of  80  metres  at  the  Dun  valley,  and  this  would 
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reduce  the  thickness  to  187  feet,  which  is  much  more  likely,  and 
the  whole  zone  of  Af.  corangainum  would  then  be  about  400  feet 
thick. 

The  chalk  of  the  area  to  the  south  and  south-west  of  Rouen  has 
not  yet  been  explored,  but,  as  M  de  Lapparent  remarks,*  "  When 
we  pass  from  Normandy  toward  the  south-west  we  find  a  gradual 
change  takes  place  in  the  composition  of  the  *  Emscherien  '  (zones 
of  Micr.  cortestiulinarium,  M.  coraiujuinum,  and  Marsujntes), 
of  the  same  kind  as  that  affecting  the  Turonian  and  Cenomanian 
stages.  It  is  at  Villedieu,  in  tlie  Ix)ir  et  Cher,  tliat  this  change 
becomes  obvious.  At  this  place  yellow  limestones  make  their 
appearance,  which  were  formerly  regarded  as  an  exceptional 
facies  of  the  basal  portion  of  the  Senonian,  but  M.  de  Grossouvre 
has  shown  that  the  different  zones  of  the  stage  are  represented 
in  the  succession,  although  their  thickness  is  much  diminished/* 
This  succession  is  as  follows :   • 

Above  the  hard  white  limestone  mentioned  on  p.  297  ai*e 
marls  often  very  glauconitic,  and  containing  siliceous  nodules; 
in  these  beds  occur  Ammonites  Emscheris,  Micraster  turonensia, 
Hhynckojidla  vespertUio,  Ostrea  probosddea,  and  0.  plicifera, 
Bryozoa  are  also  abundant.  These  beds  are  surmounted  by  a 
hard  nodular  sandy  chalk,  in  which  the  commonest  fossil  is 
Spondylua  tnmcatiLa,  associated  with 


Ammoiiites  syrtalis. 
Nautilus  Dekayi. 
Baculites  incurvatus 
Lima  martioensis 


Vulsella  turoneusis. 
Rhynchoiiella  Eudesi. 
Sphserulites  Coquandi. 
Salenia  Bourgedsi. 


The  highest  member  of  the  succession  near  Villedieu  consists 
of  chalk,  full  of  large  brown  flints  or  cherts,  which  do  not 
detach  themselves  from  the  surrounding  rock.  The  thickness  of 
these  beds  is  from  20  to  25  feet,  but  fossils  are  raie  in  them  ;  they 
have  yielded  Spondyhis  spinosus  and  Micraster  Brongniarti. 

A  connecting  link  between  the  chalk  of  Villedieu  and  that  of 
Normandy  is  found  at  Chartres,  where  remains  of  Marstmites 
have  been  found  associated  with  Vitlsella  turonensis  in  a  cnalk 
which  M.  de  Grossouvre  has  shown  to  be  a  prolongation  of  the 
zone  of  Am.  syrtalis  and  Spondyhcs  ti^TUxvttts,^ 

Since  this  chapter  was  written  and  printed,  a  detailed  memoir 
has  been  pubhshed  bv  the  Administration  of  the  "  Carte 
Geologique  uetaillee  de  la  France,"  written  by  M.  de  Grossouvre, 
and  entitled  **Recherches  sur  la  craie-supirieure'*  (1901).  In 
this  treatise  the  author  argues  that  the  method  hitherto  em- 
ployed in  the  zonal  subdivision  of  the  Chalk  does  not  give 
satisfactory  results.  Owing  partly  to  the  varying  facies  of  the 
deposits,  and  to  the  different  vertical  range  which  certain  species 
have  in  different  areas,  he  thinks  that  many  mistakes  have  been 

•  Traits  de  G^ogie,  Quatr.  Ed.  (1900),  p.  13^5. 

i  La  Craie  de  Chartres,  Compte  Rendu.  Acad.  ScL  Pariis  1892. 
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with  banded  flints),  and  (2)  craie  k  silex  noirs  caries  (chalk  with 
cavernous  black  flints).  The  following  notes  are  quoted  from 
his  account :—  From  Etretat  to  Fecamp  the  craie  k  silex  zon^ 
is  nearly  horizontal,  and  forms  neai'ly  the  whole  of  the  cliff  from 
Yport  to  Fecamp ;  it  contains  Cidaris  perornata  and  Bryozoa 
iu  abundance,  but  Micraster  coranguinum  is  rare.  The  steps  of 
Benouville  afford  an  excellent  section  of  this  chalk,  the  thick- 
ness there  seen  being  about  65  metres  (213  feet),  but  the  full 
amount  may  be  70  or  75  metres. 

At  F6camp  there  is  a  iK)werful  fault  with  a  throw  estimated 
by  Hebert  at  100  metres  (328  feet),  which  brings  upi  the  Ceno- 
inanian,  and  carries  the  zone  of  M.  corangumwm,  to  the  upper 
part  of  the  cliff  between  that  place  and  Senneville. 

The  highei*  division  of  this  chalk  can  be  seen  in  the  southern 
cliff  at  Fecamp,  but  is  not  there  accessible.  It  comes  in  again 
at  Port  Susette,  near  St.  Valery,  and  forms  the  greater  part  of 
the  chff  between  there  and  Dieppe.  He  states  that  the  junction 
of  the  chalk  with  banded  flints  and  that  of  the  chalk  with  cavernous 
flints  is  well  seen  east  of  St.  Valery,  and  consists  of  a  bed  about 
2  metres  thick,  without  flints,  soft  in  the  lower  part,  very  hard  at 
the  top,  and  pitted  with  tubular  perforations.  Above  this  the 
beds  dip  to  the  east,  and  the  following  succession  comes  in  :— 

MHres, 
I.    Chalk  with  M,  coranguinum    and  a  layer  of  broken 
Inocerami  one  metre  above  the  base  and  a  hard  bed  at 

at  the  top  (xx) 20 

H.  Chalk  with  regular  layers  of  flints,  and  a  hard  bed  at  the 

top(zz) about  40 

Q.  Chjik  with  a  hard  bed  at  the  top  (ss)  -        -        -        -        -  9 

F.  Chalk  with  many  continuous  layers  of  flint    -       -       -  40 

£.  Chalk  with  flints  and  many  M.  coranguinum  -       -       -  28 

o.  Hard  bed  at  top  of  chalk  with  banded  flints    -       -       -  2 

Twelve  metres  above  the  hard  bed  (xx)  three  nodular  bands  are 
seen,  which  half-way  between  Pourville  and  Dieppe  are  about 
30  or  32  metres  above  the  beach.  The  cliff  here  is  91  metres 
high,  so  that  above  these  bands  there  is  nearly  60  metres  of  chalk 
which  is  not  accessible.  FaUen  blocks,  however,  show  that  it 
consists  of  soft  white  chalk  with  small  flints,  and  Hubert  was 
unable  to  find  any  fossils  in  them  ;  he  remarks  that  it  may  belong 
to  the  M.  corcmguiv/um  chalk,  or  possibly  to  the  Bdemnitdla  chalk. 
When  he  wrote  the  zone  of  Ma/rsupites  had  not  been  established, 
and  it  seems  very  probable  that  some  of  this  chalk  with  small 
flints  belongs  to  tJie  zone  of  MarsupUes  or  Margate  chalk. 

If  Hubert's  estimates  of  thickness  are  correct,  and  there  is  no 
faulting,  the  total  thickness  of  the  chalk  with  cavernous  flints 
will  be  137  metres  (450  feet),  but  he  thinks  there  may  be  a  fault 
with  a  throw  of  80  metres  at  the  Dun  valley,  and  this  would 
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reduce  the  thickness  to  187  feet,  which  is  much  more  likely,  and 
the  whole  zone  of  Af.  coranguinum  would  then  be  about  400  feet 
thick. 

The  chalk  of  the  area  to  the  south  and  south-west  of  Rouen  lias 
not  yet  been  explored,  but,  as  M  de  Lapparent  remarks,*  "  When 
we  pass  from  Normandy  toward  the  south-west  we  find  a  giadual 
change  takes  place  in  the  composition  of  the  *  Emscherien  '  (zones 
of  Micr,  cortestiuiinarium,  M,  coraiujuinuiti,  and  Marsupites), 
of  the  same  kind  as  that  affecting  the  Turonian  and  Cenomanian 
stages.  It  is  at  Villedieu,  in  tlie  lx)ir  et  Cher,  tlmt  this  change 
becomes  obvious.  At  this  place  yellow  limestones  make  their 
api)earance,  which  were  formerly  regarded  as  an  exceptional 
facies  of  the  basal  jwrtion  of  the  Senonian,  but  M.  de  Grossouvre 
has  shown  that  the  difierent  zones  of  the  stage  are  represented 
in  the  succession,  although  their  thickness  is  much  diminished/' 
This  succession  is  as  follows :   • 

Above  the  hard  white  limestone  mentioned  on  p.  297  ai'e 
marls  often  very  glauconitic,  and  containing  siliceous  nodules; 
in  these  beds  occur  Ammonites  Emscheris,  Micraater  turonensia, 
Hhynchondla  vespertUio,  Ostrea  pnjboaddea,  and  0.  plicifera, 
Bryozoa  are  also  abundant.  These  beds  are  surmounted  by  a 
hard  nodular  sandy  chalk,  in  which  the  commonest  fossil  is 
Spondylus  tnmoatus,  associated  with 

Aiumoiiites  syrtalis. 


Nautilus  Dekayi. 
Baculites  incurvatus 
Lima  martioensis 


Vulsella  turoneusis. 
Rhynchonella  Eudesi. 
Sphserulites  Coquandi. 
Salenia  Bourgedsi. 


The  highest  member  of  the  succession  near  Villedieu  consists 
of  chalk,  full  of  large  brown  flints  or  cherts,  which  do  not 
detach  themselves  from  the  surrounding  rock.  The  thickness  of 
these  beds  is  from  20  to  25  feet,  but  fossils  are  rai*e  in  them  ;  they 
have  yielded  SpoTidylua  spi/nosus  and  Micraster  Brongniarti. 

A  connecting  link  between  the  chalk  of  Villedieu  and  that  of 
Normandy  is  found  at  Chartres,  where  remains  of  Marsupites 
have  been  found  associated  with  Vulsella  turonensis  in  a  cnalk 
which  M.  de  Grossouvre  has  shown  to  be  a  prolongation  of  the 
zone  of  Am.  syrtcUis  and  Spondylus  ti'uncattis.^ 

Since  this  chapter  was  written  and  printed,  a  detailed  memoir 
has  been  pubhshed  bv  the  Administration  of  the  "  Carte 
Geologique  uetaillee  de  fa  France,"  written  by  M.  de  Grossouvre, 
and  entitled  **Recherches  sur  la  craicsup^rieure"  (1901).  In 
this  treatise  the  author  argues  that  the  method  hitherto  em- 
ployed in  the  zonal  subdivision  of  the  Chalk  does  not  give 
satisfactory  results.  Owing  partly  to  the  varying  facies  of  the 
deposits,  and  to  the  different  vertical  range  which  certain  species 
have  in  different  areas,  he  thinks  that  many  mistakes  have  been 

'  •  Traits  de  G^ofi^e,  Quatr.  Ed.  (1900),  p.  13^5. 
-f  La  Craie  de  Chartres,  Compte  Rendu.  Acad.  ScL  Pariis  1B92. 
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made,  and  that  zones  based  on  collective  feuoas  or  assemblages 
of  various  kinds  of  animals  are  difficult  to  correlate  with  one 
another.  He  is  of  opinion  that  a  more  restricted  fauna  must  be 
taken  as  a  basis  of  zonal  classification,  and  he  proposes  a  new  set 
of  zones  founded  entirely  on  the  succession  of  Cephalopod  faunas, 
and  like  those  established  in  the  Jurassic  System,  they  have 
different  species  of  Ammonites  as  their  indices.  These  zones  he 
groups  under  subst^^s,  and  the  latter  under  the  sti^;es  of 
d'Orbigny.  His  scheme  for  the  subdivision  of  the  Senonian 
and  Turonian  in  the  North  of  France  is  as  follows .— 
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With  reference  to  this  new  zonal  arransement,  he  has  been  good 
eaough  to  favour  me  with  some  further  information,  and  to 
explam  that  he  does  not  intend  his  table  of  Ammonite  zones  to 
take  the  place  of  the  zonal  classification  which  has  been  worked 
out  in  England  and  France,  or  of  those  established  in  other 
countries,  and  based  on  the  prevalence  of  other  kinds  of  fossils. 
To  quote  and  translate  his  own  words, — "the  classification 
established  by  the  evolution  of  the  Ammonite-faunas  represents 
in  my  opinion  the  ideal  theoretical  classification  or  standani  for 
comparative  purpones,  to  which  all  r^onal  classifications  should 
be  referred  for  the  purpose  of  correlating  and  synchronising  the 
strata  of  difierent  countries.  ...  On  the  other  hand,  for  the 
practical  purpose  of  establishing  the  stratigraphy  of  the 
Chretacoous  series  of  any  given-  country,  we  shall  be  obliged  to 
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found  it  lUx^u  the  stiidv  of  the  special  ikiiua  which  the  beds 
contain.  Thus  where  MwmMers  and  Evhinocorys  are  the  pre- 
dominant fossils,  we  must  ba«e  our  zones  on  the  succession  of 
different  species  of  these  Echinodernis ;  elsewhere  the  Hippxt/rites 
or  other  shells  may  furnish  the  requisite  data.  But  when  the 
various  local  or  regional  classifications  have  been  thus  established 
and  we  wish  to  compare  them  with  one  another,  then  they  can 
be  referred  to  the  standard  stratigraphical  scale  which  I  propose 
to  establish  by  means  of  the  succession  of  Ammonite-faunas. ' 
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CHAPT^  xxn. 

THE    MICROSCOPIC    STRUCTTJEE    AND    COMPONENTS 

OF    UPPER    CHALK. 


The  base  of  the  Upper  Chalk  is  generally  marked  either  by  a 
bed  or  beds  of  hard  yellowish  semi-crystalline  limestone  with 
layers  of  green  coated  nodules,  known  as  the  Chalk  Rock,  or  by 
chalk  of  irregular  texture,  hard  crystalline  limips  or  nodules  l^eing 
enclosed  in  a  softer  mealy  matrix  and  arranged  in  more  or  leas 
defined  layera.  In  Norfolk  and  north  of  the  Wash  these  litlio- 
logical  characters  are  lost,  and  the  lower  l^eds  of  the  Upper  Chalk 
have  little  to  distinguish  them. 

In  the  southern  and  south-eastern  counties  layers  of  rough 
nodular  chalk,  and  sometimes  beds  of  compact  yellowish  lime- 
stone, occur  in  some  localities  as  high  as  the  summit  of  the  zone 
of  Micrdster  cortesUidirmrvam,  but  in  Bedfordshire,  Hertford- 
shire, and  to  the  east  and  north-east  the  chalk  above  the  Chalk 
Rock  is  firm  and  white  without  nodules.  Above  this,  though 
its  texture  in  mass  varies  slightly  in  different  zones  and  in  different 
locaUties,  there  is  little  variation  in  the  aspect  of  Chalk  from  al- 
the  higher  zones.  In  the  southern  and  south-eastern  counties 
it  is  a  white,  dull,  earthy  limestone ;  in  Lincolnshire  and  Yorkshire 
the  Upper  Chalk  is  much  harder  than  that  of  the  south. 

The  Chalk  Rock  and  Zone  of  Holaster  Planus. 

Mdcroscopic  Aspect.— Though  in  the  Thames  Valley  and  in 
localities  in  Berks  and  Wilts  the  Chalk  Rock  occurs  as  a  compact 
l)ed  of  limestone,  it  is  also  often  a  series  of  layers  of  hard  rock 
seimrated  by  softer  chalk.  It  exhibits  a  more  or  less  nodular 
structure  when  smoothed  hand-specimens  are  examined ;  this 
character  seems  to  come  on  gradually  in  each  bed  from  the 
Imse  upward,  and  reaches  its  highest  development  in  the  green- 
coated  calcareo-phosphatic  nodules  wliich  often  define  the  upper 
limit  of  each  laver. 

As  in  the  case  of  the  Melbourn  Rock,  there  are  all  grada- 
tions from  the  well-marked  nodule  to  one  whose  outline  is 
scarcely  perceptible,  but  the  well-marked  nodules  of  the  Chalk 
Rock  are  nearly  always  sUghtly  phosphatic,  and  there  is  frequently 
a  brownish  discoloration  of  the  whole  material. 
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Microscopic  Aspect. 

Structure  of  Typical  Chalk  Rock. —The  struct\ii*e  exhibited 
in  thiu  sectionB  of  Chalk  Bock  from  Dorsetshire  and  Wiltshire, 
and  from  places  along  the  main  escarpment  to  Cambridgeshire, 
is  so  characteristic  that  it  is  hardly  possible  to  mistake  it  for  chalk 
from  any  other  horizon. 

The  leading  features  are  the  abundance  of  Foraminifera,  fora- 
miniferal  cells,  and  spheres,  the  niunber  and  variety  of  the  coarser 
shell-particles,  the  presence  of  sponge-spicules  and  of  large  grains 
of  glauconite.  Amongst  the  fragments  of  calcareous  organisms 
many  pieces  of  plates,  spines,  or  ossicles  of  Echinoderms  can  be 
recognised,  together  with  InocercmAis  prisms  and  fragments  of 
otliei-  shells,  while  the  varying  structure  of  the  other  calcareous 
fragments  suggests  derivation  from  a  variety  of  sources.  Foram- 
inifera occur  in  almost  every  section,  the  commonest  being 
Glohiyerinwy  Textularians,*  and  nautiloid  forms  like  Cristellaria 
and  Rotalia.  Hexactinellid  sponge-mesh  is  frequently  seen,  while 
rod-like  lengths,  probably  spicules  of  Monactinellid  type  alx)und, 
and  here  and  there  trifid  forms  can  be  made  out. 

Thus  the  coarser  fragments  of  a  variety  of  organisms  togethei* 
with  grains  of  glauconite  are  intermingled  in  the  calcareous 
matrix  in  ever-varying  proportions,  and  give  to  the  Chalk  Rock 
a  character  not  seen  at  anv  othei*  horizon.  There  seems  to 
be  some  evidence  of  current  action,  and  a  certain  amount  of 
sifting  of  the  finest  material  from  the  coarser  ingredients  has 
taken  place.  Smoothed  hand  specimens  of  Chalk  Bock,  especialh' 
those  taken  a  little  distance  from  the  top  of  each  layer,  will  often 
show  that  the  coarser  particles  lie  in  pipes,  streaks,  or  mottlings 
which  appear  to  divide  incipient  nodules,  while  nearer  the  top 
of  the  layer  both  nodules  and  matrix  are  more  clearly  marked; 
The  nodules  themselves  appear  to  be  hardened  masses  of  chalk 
which  has  resisted  this  action,  for  they  generally  contain  a  smaller 
proix)rtion  of  the  coarse  particles  than  the  matrix  in  which  they 
are  now  embedded  ;  on  the  other  hand,  it  is  possible  to  find  a  well- 
marked  calcareo-phosphatic  nodule  which  differs  very  little  in  its 
structure  from  the  surrounding  chalk. 

The  siliceous  walls  of  all  the  sponge-spicules  in  the  Chalk  Bock 
have  disapi^eared,  and  though  they  havg  sometimes  been  replaced 
by  calcite,  it  frecjuently  happens  that  the  spicule  is  represented  by 
a  hollow  space  or  cast.  Nearly  all  specimens  of  Chalk  Bock  are 
full  of  minute  holes,  which  api^ear  to  be  casts  of  smaller  spicules ; 
these  vary  in  shape  from  perfectly  round  to  an  elongate  oval, 
according  to  the  angle  at  which  the  spicule  has  been  cut. 

A  slice  cut  from  the  rocky  chalk  at  the  base  of  this  zone  at 
Pinhay,  near  Lyme,  shows  all  the  characteristics  of  Chalk  Bock, 

*  By  the  term  Textularlan  we  mean  to  include  not  only  species  of 
Textuinriu,  but  also  other  fonns  such  as  Gaudryina  which  are  difficult  to 
distinguish  from  the  former  in  section. 
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the  only  special  features  being  that  sponge-spicules  are  very 
abundant,  the  Foraminifera  in  less  variety  and  the  glaucouitc 
grains  smaller  than  usual. 

A  rock-bed,  having  a  striking  resemblance  to  the  Chalk  Bock, 
occurs  in  the  Broom  Heath  Bailway  cutting,  about  4  miles  weet 
of  Swaflfham  (Norfolk ).  It  is  a  hard  semi-crystalline  limestone, 
and  agrees  fairly  well  with  Chalk  Bock,  but  contains  no  glsuconite. 
Nodular  C hnlk.^  W\\ere  the  Clialk  Bock  is  aljseut,  as  in  Kent, 
Surrey,  and  Sussex,  and  the  zone  of  H.  planus  consists  of  rough, 
lumpy,  and  nodular  clialk,  the  nodules  near  the  base  of  the  zone 
present  a  somewhat  similar  structure  to  that  of  the  Chalk  Bock, 
but  there  is  less  diversity  in  the  appearance  of  the  calcareous 
fragments,  and  they  are  also  smaller ;  the  plates  and  spines  of 
Echinoderms  still  occur,  but  besides  these  the  organic  remains 
are  chiefly  "  spheres  *'  (which  are  very  numerous),  Foraminifera, 
and  smallish  shell-particles,  which  seem  to  Ije  broken  up  Inocera- 
mus-prisms.  Sponge-spicules  are,  however,  sometimes  abimdant, 
and  in  several  sections  prepared  from  the  hard  nodules  of  this 
zone,  from  Dover  and  Eastlx)urne,  what  appears  to  have  been 
Hexactinellid  mesh-work  is  of  frequent  occurrence. 

Glauconite  grains  are  often  present  in  these  nodules,  but  this 
mineral  occurs  far  less  frequently  than  in  the  Chalk  Bock.  Above 
the  Chalk  Bock,  or  within  10  or  15  feet  above  the  base  of  the  zone 
of  H.  plarvus,  where  Chalk  Bock  is  not  present,  the  microscopical 
features  which  characterise  the  base  of  this  zone  pass  away,  and 
the  chalk  assumes  a  more  commonplace  character,  the  recognisable 
coarser  particles  being  chiefly  spheres,  with  a  few  Gl^igerinw, 
while  the  shell-fragments  are  chiefly  /noccmmtis-prisms,  with 
here  and  there  pieces,  plates  or  spines  of  Echinoderms. 

A  specimen  taken  near  the  top  of  this  zone  at  Dover  was  pre- 
pared to  show  both  the  nodule  and  the  surrounding  matrix.  The 
nodule  proved  in  this  case  to  consist  of  a  dense  calcareous  paste, 
now  in  a  semi-crystalline  condition,  in  which  are  outUned  many 
minute  "  spheres,"  one  or  two  Globigeririw,  and  minute  Textu- 
larians,  with  here  and  there  a  small  shell-fragment.  The  sur- 
rounding matrix  was  full  of  Foraminifera  and  shelly  particles, 
some  of  the  latter  I)eing  recognised  as  /nooercwTiu^-prisms. 

The  Chalk  m  which  Holaster  planus  has  been  foimd  in  Norfolk, 
Lincolnshire,  and  South  Yorkshire,  differs  entirely  in  structure 
both  from  the  Chalk  Bock  and  from  the  nodular  chalk  of  this  zone. 
About  80-85  per  cent,  of  it  is  amorphous  calcareous  material, 
with  a  few  small  weakly  outlined  *^  spheres  *'  and  here  and  there 
a  Globigerinxi  or  a  small  shell-fragment. 

The  Chalk-Rock  of  the  Winterbounie  Valley  West  of  Dorcfiester. — 
The  remarkable  exposures  of  this  zone  in  the  Winterboume 
Valley,  near  Bew  Farm  and  Winterboume  Abbas,  have  been  de- 
scrilied  on  p.  109,  and  as  nothing|quite  like  some  of  the  beds  there 
seen  has  been  met  with  in  any  other  part  of  England,  they  seem 
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to  merit  special  description.  A  set  of  samples  from  these  quarries 
was  handed  to  me  by  Mr.  Jukes-Browne,  and  from  an  examination 
of  them  the  following  account  has  been  drawn  up : — 

The  Gritty  Chalk  (Rew  farm).— Thin  sections  of  this  chalk 
show  that  the  greater  part  of  the  rock  consists  of  Foraminifera, 
foraminiferal  cells,  and  spheres,  scattered  amongst  which  are  rather 
coarse  fragments  of  Inoceramus-pvismB,  and  other  indeterminable 
shelly  particles,  a  few  pieces  of  echinodermal  spines,  plates,  or 
ossicles,  and  here  and  there  a  sponge-spicule.  In  one  place  the 
cast  of  a  fragment  of  hexactinellid  mesh  appears  to  be  cut 
through.  Large  grains  of  quartz  sand  and  of  glauconite  are 
distributed  through  the  mass  of  the  rock. 

In  another  specimen  taken  near  the  top  of  the  quarry  these 
quartz  grains  are  entirely  absent  and  the  chalk  exhibits  a  structure 
which  closely  approaches  that  of  ordinary  Chalk  Rock.  The 
matrix  contains  many  fragments  of  a  variety  of  calcareous 
organisms,  amongst  which  plates,  spines,  or  ossicles  of  Echinoderms 
are  conspicuous,  together  with  other  indeterminable  shelly  par- 
ticles, all  of  which  are  of  smallish  size.  The  most  abundant  of 
the  recognisable  ingredients  are,  however,  foraminiferal  cells, 
spheres,  and  entire  foraminifera,  amongst  which  are  Globigerince, 
Textvlaria,  Rotalines,  and  some  other  obscure  forms.  Sponge 
spicules,  long,  thin,  and  needle-like,  are  rather  numerous,  and 
the  rock  is  full  of  minute  holes  which  appear  to  be  casts  of  spicules ; 
these  are  either  perfectly  round,  and  from  this  graduate  to  an 
elongated  oval,  according  to  the  angle  at  which  the  spicule  is 
cut  in  the  section.  All  appear, to  be  of  monactinellid  type,  no 
trifid  or  hexactinellid  forms  were  observed.  There  are  also 
six  or  eight  circular  forms  which  may  be  referred  to  Eadiolaria, 
and  are  similar  to  that  figured  in  the  Melbourne  Bock.  * 
The  recognisable  organic  constituents  form  about  80  per  cent,  of 
the  rock.    A  few  small  glauconitic  grains  occur  in  the  section. 

Winterbourne  Abbas. — ^The  hard  rock  in  the  quarry  at  this  place 
(see  p.  109)  is,  on  the  whole,  similar  to  that  of  the  upper  part  of  the 
quarry  at  Rew  Farm,  and  closely  resembles  Chalk  Bock  in 
structure.  The  recognisable  ingredients  which  form  about  70  per 
cent,  of  the  mass,  consist,  as  before,  chiefly  of  foraminifera,  cells, 
and  "  spheres,"  while  smallish  shell-fragments,  such  as  broken 
//loc^amus-prisms,  Echinodermal  plates,  etc.,  and  other  indeter- 
minable shelly  particles  are  scattered  promiscuously  through  the 
rock.  A  few  sponge-spicules  occur  and  also  a  few  of  the  forms  with 
round  outlines  referred  to  above  as  Badiolaria. 

In  this  rock,  however,  there  occur  small  nodular  inclusions 
of  a  totally  different  kind  of  material,  which  when  examined 
in  thin  sections  has  all  the  characteristics  of  rock  from  the  upper 
part  of  the  Upper  Greensand.  Three  of  these  nodules  were  sepa- 
rately examined. 

•  See  Quart,  Jour.  Geo,  See.,  vol.  11.,  p.  608.    PL  XXII.,  Fig.  2. 
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The  first  gave  a  Bection  f  of  an  inch  square,  and  proved  to  be  a 
glauconitic  sandstone.  The  sand  grains  are  rather  coarse,  average 
about  3  mm.  in  longest  diameter,  and  form  about  55  per  cent, 
of  the  mass.  Glauconitic  grains  make  about  25  per  cent.  more. 
There  are  one  or  two  large  shell-fragments,  a  few  Foraminifera, 
and  a  large  Echinodermal  plate,  or  ossicle.  The  whole  is  com- 
pacted in  a  matrix  of  finely  granular  crystalline  calcite;  if  any 
siliceous  material  is  present  it  is  masked.  The  nearest  approach 
to  the  structure  exhibited  in  this  nodule  is  that  of  the  sandy 
Chloritic  Marl  of  Mupe  Bay,  the  matrix  of  which  is  very  similar 
to  that  of  this  inclusion,  but  the  sand  grains  are  coarser. 

The  second  is  a  much  smaller  nodule  and  is  surrounded  by 
the  chalky  matrix.  It  is  nearly  of  the  s«me  character  as  the 
last,  but  the  matrix  is  more  siUceous,  and  seems  to  consist  largely 
of  fine  amorphous  material  neutral  to  polarised  light— probably 
silicate  of  alumina.  This  nodule  is  sharply  marked  off  from  the 
surrounding  chalk,  and  there  is  not  the  slightest  evidence  of  a 
passage  from  one  material  to  another.  The  slide,  however,  just 
takes  in  the  edge  of  another  nodule,  which  is  not  so  well  defined. 

The  third  nodule  differs  a  good  deal  from  the  preceding.  It 
s  very  sharply  marked  from  the  matrix  of  chalk,  and  when 
viewed  by  transmitted  hght  appears  comparatively  clear,  though 
a  confused  and  irregular  crystalline  structure  can  be  discerned. 
Under  crossed  Nicols  the  crystals  appear  to  be  chiefly  calcite, 
.  but  silica  can  be  clearly  seen  permeating  the  whole  mass.  The 
condition  of  the  silica  seems  to  be  that  of  Chalcedony ;  a  crj^to- 
crystalline  structure  can  be  made  out  wherever  the  sihca  can  be 
seen  clear  of  the  calcitic  crystals.  Much  of  the  silica  must  have 
been  originally  in  the  globular  colloid  condition,  for  globules  are 
still  to  be  seen  in  many  parts  of  the  slide,  but  all  are  now  in  the 
chalcedonic  stage.  This  nodule  seems  to  contain  very  few  sand 
grains;  those  visible  are  very  small,  though  possibly  some  are 
obscured  by  the  calcitic  crystals.  Nor  are  grains  of  glauconite 
abundant,  they  occur  sparingly  throughout  the  nodule ;  the  elon- 
gate form  of  two  or  three  of  them  suggests  that  they  are  short 
rod-like  lengths,  probably  portions  of  a  residuary  spicular  canal. 
No  sponge-spicules  are  visible. 

A  thin  section  was  also  made  from  the  gritty  glauconitic  chalk 
which  is  associated  with  the  hard  rock  at  Winterbourne  Abbas, 
and  this  proves  to  be  almost  identical  with  the  gritty  chalk  from 
Hew  Farm  ;  it  contains  even  more  quartz  grains  and  large  grains 
of  glauconite  are  scattered  throughout  the  rock. 

Results  of  the  Examinations  of  Washings. 

Specimens  of  the  Chalk-Rock  and  of  the  nodules  of  the  chalk 
which  occur  at  this  horizon  are  so  hard  that  it  is  useless  to  wash 
them,  but  the  softer  mealy  matrix  afforded  material  of  interest. 
Samples  of  this  material  were  obtained  from  Dover  and  Hitchin, 
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and  from  the  clialk  containing  H,  planus  at  Enthorpe  (South 
Yorkshire). 

Shell'fragraenta.—The  larger  fragments  of  shell,  especially  in 
the  Hitchin  and  Dover  examples,  were  frequently  so  masked  by 
the  crystallisation  of  calcite  upon  them  that  in  many  cases  their 
origin  was  uncertain ;  some,  hovrever,  were  pieces  of  the  shell  of 
Inoceramus  showing  the  prismatic  structure,  while  the  finer 
particles  were  chiefly  broken  /Tioceramus-prisms.  Fragments  of 
the  tuberculated  plates  of  Micraster  could  be  distinguished  in  all 
specimens,  most  abundantly  in  tfiose  from  Hitchin  and  Dover, 
and  rather  stout  spines  of  Echinoderms  broken  into  short 
lengths  were  of  frequent  occurrence. 

The  rounded  ossicles  of  Asteroidea  and  the  calcareous  plates  of 
an  Ophiurid  like  those  found  in  the  Middle  Chalk  (see  Volume  II. 
p.  516),  occurred  frequently  in  the  Hitchin  and  Dover  specimens, 
though  hardly  in  such  abundance  as^  in  the  Middle  Chalk ;  at 
Enthorpe  they  w^ere  less  common. 

Both  the  Hitchin  and  Dover  specimens  conlnined  many  frag- 
ments of  Bryozoa  ;  they  were  present  also,  though  less  numerously, 
at  Enthorpe ;  in  all  cases,  however,  they  were  more  abundant 
than  in  the  Ix)wer   and  Middle  Chalk. 

At  Hitchin  and  Dover  minute  coprohtes  were  very  common, 
they  were  ovoid  and  elongate  in  shape,  sometimes  with  annular 
ring-like  markings,  though  usually  smooth.  These  were  not 
noticed  in  the  Enthorpe  specimen.  Associated  with  the  copro- 
htes were  fish  teeth  or  particles  of  clear  brownish  material,  having 
the  structure  of  teeth  or  bone,  and  fragments  of  fish  scales. 

In  this  zone,  at  the  Southerham  quarry,  near  Lewes,  there 
occurs  a  bed  in  which  these  minute  coprolites  are  so  very  numerous 
that  it  has  been  called  Phosphatic  Chalk.  This  has  been 
described  by  Mr.  A.  Strahan,  and  is  similar  to  the  deposit  diS' 
covered  at  Taplow  (Bucks)  in  189 J.  The  following  remarks 
are  condensed  from  his  description.*  The  phosphatic  chalk, 
he  says,  "  consists  of  a  white  chalky  matrix  in  which  are 
embedded  a  multitude  of  brown  grains."  These  "  can  be  washed 
out  in  water,  but  the  separation  can  l)e  better  effected  by  dilute 
acetic  acid,  which  removes  almost  all  the  matrix,  but  scarcely 
corrodes  the  brown  grains."  The  grains,  which  are  the 
coprolites  of  small  fish,  consist  largely  of  phosphate  of  lime, 
and  amber-coloiu*ed  chips  occur,  which  are  probably  fragments 
of  bone  or  fish  teeth  which  occur  in  the  bed.  Prisms  of 
Inoceramus  are  abundant,  but  the  internal  casts  of  Foram- 
inifera  form  a  large  part  of  the  residues.  A  thin  section 
of  the  chalk  shows  the  clear  shells  of  Poraminifera  surround- 
ing the  internal  phosphatic  casts.  In  a  footnote  he  adds  that  the 
figure  given  on  Plate  XX.,  Fig.  2,  of  the  Deep  Sea  Deposits,  Chal- 

*0n  a  Phosphatic  Chalk  with  Holaster  planus  at  Lewes,  Quart.  Journ. 
Geol.  See.,  Vd.  lii.  p.  463  (1896)  with  an  Appendix  by  Mr.  F.  Chapman. 
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ienger  Reports  closely  represents  the  appearance  of  the  organisms 
of  the  phosphatic  chalk.  The  bed  rests  on  a  hard  chalk  floor, 
which  in  thin  sections  under  the  microscope  is  seen  to  consist  of 
an  amorphous  calcareous  paste  enclosing  numerous  Foraminifera 
though  not  nearly  in  such  abundance  as  in  the  phosphatic  chalk. 
No  foreign  minerals  were  observed  in  this  bed. 

Sponge-Spicules.— Though  many  casts  of  sponge-spicules  in 
glauconite  occur  in  the  residues  of  the  rock  at  this  horizon,  no  free 
siliceous  spicules  were  found  in  the  Chalk  itself.  Prom  the  evidence 
both  of  residues  and  thin  sections  sponges  must  have  existed  in 
considerable  numbers,  the  siUceous  walls  of  their  spicules,  however, 
in  all  cases  which  came  imder  notice,  have  disappeared,  and 
in  many  instances  have  been  replaced  by  calcite.  Liihistid 
spicules  have  not  been  definitely  recognised,  but  Monactinellid, 
Tetrdctindlidf  and  Hexdctindlid  forms  are  represented. 

Foraminifera. "Theae  organisms  are  numerous  in  the  mealy 
chalk  of  this  zone.  From  the  phosphatic  chalk  of  Lewes,  Mr.  F. 
Chapman  has  already  recorded  42  species  and  varieties  (Op.  cit. 
p.  270),  and  adding  those  isolated  from  our  own  washings  and 
residues,  also  identified  by  Mr.  Chapman,  the  total  number  of 
species  from  this  zone  will  reach  66.  They  are  distributed  as 
follows :— 


Families. 

Genus. 

Species. 

Miliolidff^.  ? 

Miliolina?  -       -        - 

1 

Astrorhizida) 

None          -        -        - 

None. 

Litudidse 

Haplophragmium 

2 

Ammodiscus       -     •  - 

2 

Textulariidie 

Textularia  -       -       - 

6 

Verneuilina 

1 

Tritaxia      - 

4 

Spiroplecta- 

1 

Gaudryina- 

6 

Bulimina    -       -       - 

6 

Pleurostomella    - 

1 

Lagenida) 

Nodosaria 

3 

• 

Khabdo^nium  - 
Frondicularia     - 

1 

2 

Marginulina- 

2 

Vaginulina- 

1 

Cristellaria- 

8 

One  new  species. 

Flabellina   - 

1 

A 

Polymorphina    - 

1 

Bamulina   -       -       - 

2 

GIobigerinidjB 

Globigerina- 

6 

Rotaliidae 

Discorbina- 

1 

Anomalina 

2 

• 

• 

♦  ■< 

Pulvinulina 

2 

Rotalia 

3 

Gypsina      -       -       - 

1 

.i 

Microscopic  sTrucTurK.  509 

The  most  ])ersistent  species  are  Bvlimina  obttLsa  and  Hulimina 
affinisy  which  occurred  in  all  specimens  examined,  and  next  to 
them  were  Tritaxia  tricarinata,  Textviaria  turris,  Cristdlaria 
cultrata,  Cristdlaria  gavltina,  Globigerina  marginata  and 
Anomalina  ammonoides.  Ptdvinvlina  micheliniana  was  very 
common  at  Dover  and  Hitchin,  but  is  not  included  in 
Mr.  Chapman's  list  from  Lewes.  Ammodiscua  incertus  occurred 
in  this  zone  in  Norfolk,  and  in  all  specimens  to  the  north-eastward, 
but  in  none  of  those  to  the  south  and  westward.  In  the  specimen 
from  Dover  the  genus  Cristdlaria  was  poorly  represented 
while  in  that  from  Hitchin  five  species  occurred,  including 
one  new  one,  a  large,  handsome,  well-marked  form.  From  Lewes, 
Mr.  Chapman  records  six  species  of  Cristdlaria,  and  among  the 
other  forms  of  the  Rotaliidoe  is  Gypsina  cretcs,  a  species  recorded 
for  the  first  time  from  the  English  Chalk  (op.  cit  p.  471.) 

The  GlobigerinidflB,  though  common,  are  by  no  means  abun- 
dant, and  the  individuals  are  less  numerous  than  Anomalina 
ammonmdes  or  Pidvinvlina  mididiniana  in  the  Hitchin  and 
Dover  specimens.  A  complete  list  of  the  Foraminifera  will  be 
found  on  p.  349  et  seq. 

Ostracoda.— The  valves  of  Ostracods  were  common,  but  not 

abundant,  in  this  zone.  With  the  addition  of  one  species,  Cythereis 

auriculata,  irom  the  phosphatic  chalk  of  Lewes,  the  following  is 

the  list  of   forms  obtained  from  the  washings,  and  named    by 

Mr.  Chapman  :— 

Bairdia  subdeltoidea  (Miinster) 

,.       harrisiana  (Joiies). 
Cytnereis  oraatissima  (Beuss). 
„         auriculata  (Comud), 
Cytherella  ovata  {Boemer), 

„        obovata  (J,  and  U,), 
„        Muensteri  {Boemer), 

All  these  have  been  found  also  in  the  Chalk  Rock  of  Dun- 
stable and  Luton  (see  p.  229),  and  most  of  them  range  up  from 
the  Cambridge^Greensand.* 

Examination  of  the  Residues. 

Including  tliree  specimens  analysed  by  Dr.  Hume,  there  are 
recorded  in  the  annexed  table  the  results  of  eleven  examples  of 
the  chalk  of  this  zone  after  treatment  with  the  acid  solution. 
Five  of  these  are  typical  specimens  of  the  Chalk  Rock,  the  five 
others  are  from  localities  where  no  definite  and  well  marked 
rock  beds  occur  in  this  zone,  while  that  from  the  Isle  of  Wight 
is  a  specimen  of  the  hard  rocky  chalk  of  the  zone  from  Fresh- 
water. 
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The  largest  proportion  of  insoluble  material  is  found  in  the 
specimens  of  Chalk  Rock,  viz.,  in  that  from  the  Vale  of  War- 
dour,  2*91  per  cent.;  from  Medmenham,  Buckinghamshire, 
1*75  per  cent. ;  Luton,  Bedfordshire,  1'52  per  cent.  ;  Hitchin, 
Herts,' 881  per  cent.  These  results  show  a  gradual  dimmution 
of  insoluble  material  from  south-west  to  north-east  along  the 
main  chalk  escarpment.  In  the  extreme  south-west,  however,  at 
Pinhay  Cliff,  near  Lyme,  Dorset,  an  example  of  this  zone  only 
yielded  a  residue  of  *  685  per  cent.,  another  from  Iweme  Hill, 
Blandford,  *  763  per  cent.,  but  further  south  at  the  Isle  of  Wight 
the  total  amount  of  insoluble  matter  was  1  *  209  per  cent. 

Specimens  of  the  nodular  chalk  of  this  zone  from  Eastbourne 
and  Dover  give  results  nearly  aUke,  the  residue  being  a  little 
less  than  in  Hertfordshire,  but  north  of  Hitchin  a  slight 
increase  in  the  amount  is  observable,  when  a  specimen  from 
north-west  Norfolk  is  compared  with  one  from  Hitchin,  and  a 
further  increase  occurs  in  Yorkshire. 

The  sample  from  Rew  Farm,  near  Dorchester,  has  an 
exceptional  amount  of  coarse  residue,  but  putting  this  aside,  the 
amount  of  coarse  residue  is  larger  in  all  specimens  of  the  Chalk 
Bock  than  in  the  nodular  chalks;  this  is  chiefly  due  to  the 
amount  of  glauconite  and  green  matter  contained  in  it,  the 
quantity  of  detrital  minerals  being  nowhere  large,  and  only  at 
Hitchin  was  the  amount  of  fine  sand  a  specially  prominent 
feature  ;  even   here  the  amount  is  very  small. 

The  only  minerals  recognised  by  Mr.  Teall  in  the  coarse  residues 
of  specimens  of  this  zone  were  quartz  and  an  alkaU-felspar,  but 
in  the  example  from  Norfolk  (Great  Bircham)  garnet  is  noted  in 
addition  to  these. 

Dr.  Hume,  in  a  note  on  a  sample  of  this  zone  from  Pinhay 
cuff,  Lyme,  (see  p.  312)  records  muscovite  mica  and  tourma- 
line. Compared  with  the  Terebratulina  zone  there  is  some  increase 
in  the  maximum  size  of  the  mineral  grains,  the  largest  '72  mm., 
a  single  grain  possibly  of  a  somewhat  exceptional  size,  occurred  in 
the  residue  of  the  Isle  of  Wight  specimen,  the  next  largest,  '58 
mm.,  being  found  in  the  specimen  from  the  Vale  of  Wardour, 
the  average  size  remains  small. 


Secondary  Minerals. 

Glauconite,— Thia  mineral  is  very  conspicuous  in  the  Chalk 
Rock ;  the  amount  of  it,  judging  by  the  eye,  seems  much  greater 
than  analysis  proves  to  be  the  case,  the  dark  grains  showing 
strongly  in  contrast  to  the  white  chalk. 
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In  an  example  of  the  Chalk  Rock  from  Medmenham  it  was 
estimated  that  70  per  cent,  of  the  coarse  residue  consisted  of  glau- 
conitic  grains,  or  about  4  per  cent,  of  the  material  examined. 
In  another  from  Hitchin,  48  per  cent,  of  the  coarse  residue  con- 
sisted of  glauconite,  or  •  14  per  cent,  of  the  whole  material. 
A  sample  from  Barford  railway  cutting,  Vale  of  Wardour,  con- 
tained still  less,  the  amount  of  glauconitic  grains  being  55  per 
cent,  of  the  coarse  residue,  or  only  'll  per  cent,  of  the  material 
examined.  In  the  two  latter  specimens,  however,  the  place  of  the 
glauconite  seems  to  be  taken  by  the  green-coloured  amorphous 
matter  described  in  Vol.  II  page  312,  and  which,  in  the  Barford 
sample  amounted  to   25  per  cent,    of    the    coai'se    residue,   or 

•  05  i)er  cent,  of  the  material  examined. 

The  grains  in  the  Medmenham  specimen  have  rounded  well- 
smoothed  contours,  the  majority  are  dark  green,  a  few  are  paler 
or  have  a  sort  of  dusty  pale  green  rind.  Casts  of  Foraminifera, 
though  common,  are  not  extremely  abundant,  but  some  perfect 
ones  occur.  Rods  of  glauconite,  presumably  residuary  spicular 
canals,  are  also  common,  but  no  well-formed  recognisable  casts 
of  definite  form  were  noticed. 

In  the  Hitchin  specimen  the  grains  were  more  frequently  in 
the  form  of  casts  of  Foraminifera.  Residuary  spicular  canals, 
either  as  simple  rods  or  in  well-marked  tri-radiate  forms,  were 
frequent,  and  one  or  two  fragments  of  very  small  Hexactinellid 
mesh  occurred. 

The  grains  of  the  sample  from  the  Barford  railway  cutting 
were,  for  the  most  part,  of  quite  a  different  stamp ;  a  few  rounded 
dark  green  ones  occur,  but  the  greater  part  are  of  a  dull  pale  green 
colour  and  are  casts  of  foraminiferal  cells  or  of  small  Foraminifera. 
The  more  perfect  casts  were  chiefly  minute  Glohigerinoe,  but 
many  other  species  were  noticed.  Casts  formed  of  the  green 
mud  noted  above  also  occur  commonly. 

Residuary  sponge-spicules  are  abundant,  they  were  chiefly 
rods,  but  there  were  also  a  good  many  tri-radiate  forms ;  no  Hexac- 
tineUid  mesh  was  observed. 

Some  of  the  grains  in  the  Chalk  Rock  of  Medmenham  measured 

•  6  mm.  in  their  longest  diameter,  the  average  being  about  '  27 
mm.,  those  from  Hitchin  were  smaller,  while  in  the  rock  from 
Barford  one  or  two  grains  reached  *  5  mm.,  the  average,  however, 
is  not  more  than  •  1  mm. 

Besides  glauconite  there  occurred  in  the  Blandford  and  Isle  of 
Wight  specimens  a  number  of  nearly  white  grains  of  siliceous 
material  which  closely  resemble  those  of  glauconite  in  outline. 
The  grains  were  rather  small  and  of  iiregular  shape,  but  a  few 
were  casts  of  small  Foraminifera.    One  grain  somewhat  larger 
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than  the  rest  was  observed  to  have  a  thin  layer  of  green 
material,  apparently  glauconite,  in  its  centre,  the  white  matter 
occurring  below  and  above. 

In  all  the  coarse  residues  irregular  fragments  of  porous  iron 
oxide  occur.  In  the  Enthorpe  specimen  minute  spherules,  red 
brown  exteriorly,  but  with  darker  interiors,  were  found. 

To  sum  up,  therefore,  the  most  noticeable  points  observable 
in  the  residues  of  the  samples  coming  from  the  southern  and 
central  parts  of  England  are  as  follows  :— 

1.  The  presence  of  glauconite  grains  in  some  abundance. 

2.  The  larger  amount  of  quartz  in  the  form  of  fine  sand. 

3.  The  presence  of  some  other  detrital  minerals— felspar,  mica, 
tourmaline,  and  garnet. 

The  following  note  on  a  sample  from  the  Holaster  planus  zone, 
Pinhay  Cliff,  Lyme-Regis,  is  by  Dr.  Hume  :— 

80*47   grammes   of  the  rock  yielded   552  grs.  of  insoluble  residue, 
=  '686  per  cent.,  divided  into : — 

Fine  residue,  '541  grs. « '672  per  cent. 
Coarse  residue,  '0115  grs.  =» '0143  per  cent. 
Hence  the  amount  of  CaCo=99*21  per  cent. 

The  residue  is  almost  entirely  detrital  in  character,  consisting 
of  highly  angular  quartz  grains,  glauconitic  rods  (three  forked 
ones  in  places),  tourmaline  (very  small)  '06  mm.  diam.,  muscovite 
mica,  and  opaque  white  masses  having  no  definite  organic  form. 

1.  The  quartz  grains  which  form  the  greater  part  of  this 
residue  are  in  the  main  highly  angular  and  very  minute,  a  few 
larger  grains,  some  of  them  tinted  yellow,  attaining  a  diameter  of 
25  mm.  The  majority  of  the  grains  are  clear  and  transparent, 
but  some  of  the  larger  ones  are  filled  with  innumerable  gas  cavities. 

2.  Muscovite  mica  is  abundant  in  thin  flattened  flakes  and 
easily  recognised  by  the  reflection  from  their  surfaces  in  the  dry 
powder. 

3.  TourmaUne  occurs  in  minute  blue  grey  fragments,  showing 
no  crystalline  form,  but  occasionally  displaying  columnar  structure. 
These  are  verv  small  as  stated  above. 

4.  The  glauconite  rods  are  numerous,  and  evidently  originated 
as  internal  casts  of  sponge  spicules,  a  tri-radiate  form  being  oliei-ved, 
though  most  of  the  examples  were  simple  rods  with  flat  termina- 
tions. 

5.  The  larger  chalcedonic  fragments  have  no  well  defined 
form.  The  residue  from  this  zone  is  very  characteristic,  especially 
as  regards  the  presence  of  glauconitic  rods,  and  is  almost  precisely 
identical  with  the  residues  from  the  same  zone  at  Eastbourne  and 
near  Luton. 

In  the  following  table  is  shown,  first  the  general  composition  of 
the  samples  analysed  and  next  a  more  complete  description  of 
the  coarse  residues^  as  explained  in  Vol.  U,  p.  263, 
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ZOXE   OF   MiCRASTER   CORTESTUDINARIUM. 

Microscopic  aspect  of  thin  Sections. 

The  chalk  of  this  zone  varies  somewhat  in  its  structure  when 
viewed  under  the  microscope  in  thin  sections.  Specimens  from 
near  Cruxton  in  Dorset,  from  Boreham  Down,  near  War- 
minster, from  Lowes  (Sussex),  from  Dover  and  Chatham  (Kent), 
and  from  Medmenham  (Bucks),  all  contain  a  large  proportion 
of  shelly  particles  which  in  every  case  are  of  small  size  and  appear 
to  have  been  much  broken  up.  In  the  specimens  from  the  above- 
named  localities  these,  with  Foraminifera  and  "  spheres,"  are 
estimated  to  form  from  35  per  cent,  to  60  per  cent,  ot  the  deposit. 
A  sample  of  this  zone  from  near  Blandford  only  contains  about 
20  per  cent,  of  the  coarser  ingredients,  while  two  others  from  near 
Hitchin  contain  still  less  and  consist  chiefly  of  amorphous 
material ;  the  recognisable  organic  remains  in  one  being  estimated 
at  only  10  per  cent.,  and  m  the  other  at  about  15  per  cent 
Another  sample,  fi'om  Great  Durnford,  near  Salisbury,  is  chiefly 
amorphous  matter,  with  very  few  shell-fragments  or  foraminifera. 

A  specimen  from  Enthorpe  in  Yorkshire,  contains  a  large 
number  of  minute  calcareous  particles,  presumably  of  shell, 
"  spheres,"  cells  and  the  tests  of  Foraminilera  forming  with  the 
shelly  particles  about  25  per  cent,  of  the  rock.  In  all  specimens 
the  walls  of  the  "  spheres,  *  cells,  and  Foraminifera  are  as  a  whole 
weakly  outlined.  From  evidence  of  the  sections  the  families  of 
the  lextitlaridcB  and  Globigerinidce  are  most  frequently  repre- 
sented ;  the  area  occupied  by  foraminiferal  tests  is,  however, 
never  very  large.  In  tne  Lewes,  Dover,  Chatham,  Hitchin,  and 
Enthorpe  specimens  fragments  of  Brvozoa  have  been-cut  thi'ough, 
while  in  nearly  all  of  them  echinoaermal  plates  or  ossicles  can 
be  observed.  Sponge-spicules  are  enturely  absent  in  the 
specimens  already  mentioned,  but  one  from  Cruxton  in  Dorset, 
contains  traces  of  hexactinellid  mesh,  and  the  circular  organisms 
(see  p.  305),  believed  to  be  Radiolaria  are  also  to  be  seen.  Grains 
of  glauconite  are  rare. 

For  examples  of  the  beds  of  hard  limestone  which  occur  in 
this  zone  we  may  take  the  following : — 

Kenty  Cfuttham  HiU. — Upper  bed  of  yellowish  rock  by  the  side 
of  the  main  road.  This  Umestone  when  viewed  as  a  thm  section 
under  the  microscope  is  seen  to  be  full  of  organisms.  Minute 
"  spheres  "  or  foraminiferal  cells  are  abundant,  and  a  few  larger 
Foraminifera  occur.  Minute  calcareous  particles  are  distributed 
throughout  it,  but  only  a  few  are  sufficiently  large  to  be  identified. 
Some  are  /7ioc6ramit«-prisms,  and  one,  judging  by  its  outline, 
ibr  all  other  structure  is  obliterated,  is  an  ossicle  of  a  starfish. 
Of  the  Foraminifera  Olobigerince  are  most  abundant,  and 
smallish  Textularians,  and  other  broken  or  indefinite  forms, 
occur.  The  chief  feature  of  the  section,  however,  is  the 
abundance  of  sponge-spicules;   some  of  these  appear  to  be  of 
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hcxaclinellid  type,  others  are  simple  rods  cut  through  at  vnrious 
angles.  In  every  case  the  siliceous  walls  have  disappeared  and 
are  replaced  by  calcite. 

Surrey,  Guildford. — A  large  quarry  near  "  Monkshatch.*' 
This  bed  is  very  similar  to  the  last  described,  but  shell-fragments 
are  more  numerous,  coarser  than  in  the  rock  from  Chatham 
Hill.  There  is  rather  more  diversity  also  in  their  structure; 
many  no  doubt  are  derived  from  /noceramus-shells,  but  some 
have  outlines  which  indicate  derivation  from  other  sources. 
Sponge-spicules  occur  throughout  the  slide;  they  appear  to  be 
chiefly  Hexactinellid  type,  but  a  few  are  simple  rod-like  forms. 
As  before,  the  siliceous  walls  are  replaced  by  calcite.  There  is  a 
little  glauconite  in  this  specimen. 

Dorsety  near  Maiden  Newton. — ^This  rock  bed  differs  from  the 
two  previously  described.  Minute  foraminiferal  cells  or  "  spheres  " 
are  very  numerous,  and  form  a  considerable  part  of  the  rock. 

There  is  a  well-marked  vein  of  coarse  shell-fragments  ex- 
tending across  this  sUde.  Some  of  these  appear  to  be  the  plates  of 
Echinoderms,  and  a  spine  of  some  size  is  cut  through ;  other 
fragments  are  pieces  of  /noceramus-shell,  showing  its  prismatic 
structure,  and  some  free  prisms.  In  the  remainder  of  the  section 
shelly  })articles  are  not  very  abundant. 

There  are  a  few  rod-Uke  sponge-spicules,  and  one  of  Trifid 
form  is  well  displayed,  but  there  is  no  Hexactinellid  mesh.  As 
usual,  the  siliceous  walls  are  in  all  cases  replaced  by  calcite. 

The  expression  cells  or  "  spheres  "  is  used  advisedly  in  describing 
the  sections  of  the  Upper  Chalk.  The  minute  bodies  w^hich  appear 
in  the  thin  sections  do  not  all  seem  to  be  the  well-marked  simple 
spheres  which  are  so  abundant  in  the  lower  beds  of  the  Chalk. 
The  walls  of  these  bodies  at  this  horizon  are  always  thin  and  weak, 
and  the  diameter  of  the  cells  less  than  those  of  the  Lower  and 
Middle  Chalk.  Though  representatives  of  the  true  **  spheres  " 
are  no  doubt  present,  many  of  the  cells  seem  to  be  the  young  of 
Globigerina  or  other  Foraminifera. 

# 

Results  of  the  Examination  of  Washings. 

Specimens  of  this  zone  from  Blandford  in  Dorset ;  Lewes  in 
Sussex  ;  Dover  in  Kent ;  Hitchin  in  Herts ;  and  Enthorpe  in 
Yorkshire,  were  washed  with  water  and  the  coarser  particles 
separated  by  levigation. 

Shell-fraijments. — The  prisms  of  Inoceramus  and  fragments  of 
the  shell  continue  to  be  the  most  conspicuous  of  the  MoUuscan 
remains,  though  fragments  of  shell  other  than  those  of  Inoceramus 
could  be  recognised. 

Echinodermal  plates  and  spines  were  frequent,  and  the  calcareous 
plates  and  ossicles  of  crinoids  or  starfish  occurred  commonly. 


s 
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Fragments  of  Bryozoa  were  very  numerous,  and  formed  a 
marked  feature  in  the  specimens  from  Lewes,  Dover,  Hitchin; 
these  were  rather  less  common  in  the  Blandford  example  and  in 
that  from  Enthorpe ;  though  present  they  were  not  conspicuously 
abundant.  Minute  fish  teeth  and  ovoid  ooprolites  were  noted  in 
all  the  specimens,  but  were  comparatively  rare. 

Foraminifera,  Both  in  individuals  and  species  Foraminifera 
were  distinctly  less  numerous  than  in  the  zone  below ;  the  small 
number  of  species  isolated  induced  us  tore-examine  the  specimens, 
but  without  important  result. 


Families. 


Genus. 


No.  of  Species. 


Miliolidae     -       -        -       - 

! 
Miliolina 

^ 

^ 

1 

Astrorhizidje       -       -       - 

Khizaiiimioa 

- 

- 

- 

1 

Lituolidae    -       -       -       - 

Haplophragmium 

- 

- 

1 

Ammodiscus 

- 

- 

- 

1 

TextulariidsB 

Textularia    - 

- 

- 

- 

4 

Verneuilina 

- 

m 

- 

2 

Tritaxia 

- 

• 

- 

1 

Spiropiecta 

- 

- 

«» 

1 

« 

Gaudryina 

- 

m 

- 

3 

Biilimina 

- 

- 

- 

5 

Lagenidae    -       -        -       - 

Jjagena 

- 

• 

- 

1 

Cristellaria   - 

m 

- 

• 

6 

Ramulina     - 

- 

- 

«» 

1 

Globigerinidfle     -       -       - 

Giobigerina 

- 

- 

- 

2 

Rotaliidie    -       -       -       - 

Truncatulina 

- 

- 

- 

1 

Anomalina   - 

- 

- 

«» 

1 

Piilvinulina 

im 

- 

- 

1 

Rotalia 

• 

•• 

* 

2 

Pulvinulina  micheliniana  and  Anomalina  ammonoides  are  the 
only  species  which  occurred  in  every  washing,  but  Bulimina 
brevis  and  Cristellaria  cultrata  were  found  in  four  out  of  five 
specimens  of  this  Chalk ;  all  these  were  common  and  usually 
abundant  forms.  The  scarcity  of  the  Lagenidae  is  somewhat  re- 
markable ;  they  are  represented  by  three  genera  and  eight  species 
only,  compared  with  nine  genera  and  twenty-one  species  in  the 
zone  below,  and  six  genera  and  fourteen  species  in  the  zone  above. 

Ostracoda. — ^The  valves  of  Ostracods  were  common  in  the  Dover 
specimen,  less  numerous  in  the  others;  the  following  species 
named  by  Mr.  F.  Chapman  were  isolated. 

Bairdia  subdeltoidea,  Munsier, 

Cythereis  ornatissima,  var,  nuda,  J.  <fh  H. 

„  „  var.  paiipera,  J.  <Sc  IJ, 

Cytheropteron  umlx^uaturti  (Will,). 
Cytherella  ovata  (RoemX 

Muensteri  (Roem,). 
williamsoDiaDa  (Joiies). 

„  var.  granulosa  {J.  &  ID. 
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Examination  of  the  Residaes. 

Eight  examples  of  this  zone  have  heen  treated  with  the  acid 
solution ;  three  of  the  results  given  are  extracted  from  Dr.  Hume's 
researches. 

It  will  be  observed  for  the  first  time  that  there  is  no  sequence 
in  these  results.  The  highest  percentage  of  insoluble  material, 
3'72  per  cent.,  occurs  in  a  si^ecimen  from  Medmenham,  Bucks, 
and  this  is  almost  equalled  by  another  recorded  by  Dr.  Hume 
from  Swanage,  Dorset.  The  lowest  are  from  Lewes,  Sussex,  -and 
Dover,  Kent,  '604  per  cent,  and  '609  per  cent,  respectively ;  the 
sample  from  Enthorpe,  Yorkshire,  shows  a  shght  decrease  in  the 
amount  of  insoluble  matter  compared  with  the  zone  of  H,  planus 
in  this  locality.  The  amount  of  the  coarser  particles  is  exce^ingly 
small,  mineral  grains  being  very  scarce. 

In  two  residues,  one  from  Blandfoi'd  in  Dorset,  and  one  from 
Medmenham  in  Bucks,  submitted  to  Mr.  Teall,  quartz  and  ortho- 
clase  were  the  only  minerals  recognised. 

In  an  example  from  Ballard  Hole,  Punfield  Cove,  Dorset,  Dr. 
Hume  found  quartz,  apatite,  felspar,  and  tourmaline.* 

The  mineral  grains  are  a  little  smaller  than  in  the  lower  zone,  the 
maximum  being  '58  mm.  compared  with  '72  mm.  in  the  zone  of 
H,  planus,  and  the  average  08  mm.  to  'll  mm.  Iron  oxide 
usually  formed  the  greater  part  of  that  separated.  It  occui-red 
frequently  in  the  form  of  short  cylinders,  as  well  as  in  minute 
irregularly-shaped  pieces.  The  Enthorpe  specimen  contained 
marcasite  in  small  octahedral  crystals,  much  oxidized  yet  still 
retaining  their  original  form.  This  specimen  also  contained  many 
arenaceous  Foraminifera,  chiefly  Amrriodiscus  and  the  tubes  of 
Rhizammina  in  shoi-t  lengths.  Arenaceous  foraminifera  were 
absent  in  all  the  other  specimens  except  that  of  Lewes,  in  which 
two  specimens  of  Ammodiscas  occurred.  Glauconite  was  rare  in 
all  samples. 

The  generalisations  made  by  Dr.  Hume  on  the  chalk  of  the  zone 
appear  to  be  correct ;  they  were  :— 

1.  The  almost  total  absence  of  glauconite  grains  and  rods. 

2.  The  consequent  larger  percentage  of  grains  of  quailz  and 
felspar  in  the  coarse  residue. 

3.  The  absence  [or  rarity]  of  arenaceous  Foraminifera, 

It  will  be  noticed  that  the  total  amount  of  coarse  residue  is 
generally  much  less  than  in  the  zone  of  H.  planuSy  but  the 
quantity  of  quartz  and  felspar  present  is  probably  about  the  same. 

*  Chemical  and  Micro-Mineralogical  Researches,  page  59. 
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Zone  of  Micraster  Coranguinitm. 
Microscopic  aspect  of  thin  sections. 

Thin  sections  of  the  chalk  of  this  zone  show  that  it  consists 
chiefly  of  amorphous  material ;  in  the  majority  of  specimens  the 
proportion  of  the  ingredients  which  can  he  recognised  as  particles 
of  shell  and  Foraminifera,  whole  or  broken,  are  variously  estimated 
from  5  per  cent,  to  15  per  cent.,  of  the  mass  though  ocx^asionally 
they  exceed  this  amount. 

Thus  in  examples  obtained  from  WTiitehill  near  Blandford, 
Odstock  near  Salisbury,  Taplow  in  Buckinghamshire,  St.  Mar- 
garet's Bay  near  Dover,  Knebworth  in  Hertfordshire,  particles 
sufficiently  large  to  \ye  definitely  recognised  and  presumably 
derived  from  shells,  and  Foraminifera  in  no  case  exceed  15  per 
cent.  One  from  near  Bm*ling  Gap,  Eastbourne,  contains  an 
exceptional  amount  of  shelly  particles,  these  with  Foraminifera 
forming  about  35  per  cent,  of  the  rock ;  while  in  another  from 
Charlton,  near  Salisbury,  and  probably  near  the  base  of  the  zone 
spheres  and  cells  form  half  the  chalk,  shell  fragments  being  rare. 
A  series  of  specimens  from  this  zone  in  the  Isle  of  Wight  may  be 
described  as  follows  :— 

Base  of  the  Zon^.— Chiefly  amorphous  material.  There  are  a 
good  many  "  spheres  "  or  foraminiferal  cells,  more  than  in  any 
of  the  foregoing,  two  large  GlMgerirKv  only  occur  in  the  section ; 
one  is  a  mere  shadowv  outline,  in  the  other  the  shell  of  the  test 
is  better  preserved,  though  it  is  broken  and  crushed.  Very  few 
small  shell-fragments.  The  coarser  particles  and  Foraminifera 
form  here  about  12  per  cent,  of  the  chalk. 

Middle  of  tJie  Zone.— Thin  specimen  contains  more  calcareous 
particles.  The^se  are  not  Inoceramus-pvisms,  but  fragments  of 
iiTegular  shai)e.  One  large  piec«  is  of  chambered  structure,  pos- 
sibly a  Bryozoon,  and  the  outline  of  others  suggests  derivation 
from  the  same  or  a  similar  organism.  Besides  these  larger  frag- 
ments the  chalk  is  rather  full  of  minute  particles,  presumably  shell. 
"  Spheres  "  and  foraminiferal  cells  are  common,  but  there  is  not  a 
single  Globigerinn  in  the  whole  section,  though  there  are  a  few 
Textularians  and  one  or  two  indefinite  forms.  The  coarser  par- 
ticles and  Foraminifera  may  \ye  estimated  about  25  per  cent. 

Upper  part  of  the  Zon€.— Foraminiferal  cells  and  spheres  fairly 
numerous,  three  or  four  large  sized  Globigerince  and  one  or  two 
Textularians  occur.  There  is  one  piece  of  a  Bryozoon,  and  the 
section  just  takes  in  the  edge  of  a  large  Echinoderm  plate. 
Throughout  the  section,  but  more  abundant  in  some  places  than 
in  others,  are  thin,  thread-like  lines  of  crystalline  calcite  ;    they 


322  THE  CRETACEOUS   ROCKS   OF   BRITAIN. 

are  of  no  great  length,  rarely  they  can  be  aeen  to  bifurcate  at  one 
extremity ;  they  are  probably  sponge-epicules. 

At  Culver  cliff  at  or  above  the  top  of  thia  zone  there  are  four 
lines  of  green-coated  nodules.*  Specimens  of  these  nodules  were 
submitted  to  a  microscopic  examination,  and  were  found  to  consist 
mainly  of  the  fine  amorplious  material  of  the  chalk  with  a  some- 
what unusual  number  of  perfect  Foraminifera ;  sponge-spicules  are 
also  present,  their  siliceous  walls  being  replaced  by  calcite.  The 
colouring  matter  appeared  to  \ye  due  to  a  green  material  which  had 
accumulated  in  the  interior  of  the  foraminiferal  cells,  but  the  whole 
material  was  sometimes  tinted  green  with  no  apparent  change  in 
its  constituent  particles.  In  some  of  the  nodules  were  ramifying 
cylindrical  perforations  filled  in  with  white  material,  which  showed 
in  strong  relief  against  the  remainder  of  the  nodule. 

In  a  specimen  from  Creake  in  Norfolk,  probably  from  near  tlie 
base  of  the  zone,  shell-fragments  were  more  abundant  than  usual ; 
a  few  Inoceramus-priama  occur,  and  many  of  the  other  particles, 
which  are  small  and  angular,  are  probably  derived  from  the  same 
shells.  The  Foraminifera  visible  are  chiefly  Textvlaria  and  a  few 
well  defined  though  minute  Globigerince,  with  some  other 
indefinite  forms  which  cannot  be  identified  in  thin  sections, 
together  with  single  cells  and  **  spheres."  The  area  occupied 
by  these  organisms  and  particles  of  shell  is  about  20  per  cent,  of 
the  Chalk. 

A  sample  from  Kirk  Ella  quarry,  near  Hull  (Yorkshire),  is 
probably  just  above  the  middle  of  the  zone,  but  perhaps  higher. 
In  this  specimen  there  are  a  few  well-marked  large  Globigerinw 
and  Textvlaria y  while  those  of  minute  size  together  with  cells 
and  "  spheres  "  are  fairly  numerous.  Very  few  shelly  particles 
occur,  but  there  are  one  or  two  poi-tions  of  Echinodermal  plates. 
Coarse  particles,  etc.,  about  20  per  cent. 


Results  of  the  Examination  of  Washings. 

The  specimens  of  Chalk  from  this  zone  examined  by  washing 
were  obtained  from  Quidhampton,  Wiltshire  (middle  of  the  zone), 
Dover  (near  the  base),  Chatham  (near  the  top),  Hitchin  (the  centre), 
Rudham  in  West  Norfolk  (lower  third). 

Shell-fragments. — ^The  quantity  of  shell-fragments  separated 
from  the  finer  material  by  levigation  was  less  than  in  the  zone 
below.    They  included  /noceramiis-prisms,  fragments  apparently 

*  Geology  of  the  Isle  of  Wight,  by  C.  Reid  and  A.  Strahan,  Mem. 
Qeol.  Survey,  page  79  (1889).  TJieae  nodules  ar^  mo^t  probably  in  the 
?5one  of  MartupiUs, 
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of  Pcdciiy  Hat  pieces  of  uncertain  derivatioii  and  not  infreiiuently 
minute  specimens  of  Terebratalina  or  fragments  of  the  shell.  In 
the  Upper  Chalk  many  prisms  of  shell  probibly  derived  from 
liwceramus  differ  from  those  of  the  Lower  and  Middle  Chalk, 
they  are  usually  larger,  longer,  more  rounded  in  outline  and  gene- 
rally less  wedge  shaped  than  the  piisms  mot  within  the  lower 
zones.  From  this  zone  upwards  //tocerarwi/^-prisms  no  longer 
form  a  conspicuous  feiiture  amongst  the  eoiu-ser  particles  obtained 
by  washing.  Echinodeiinal  plates  and  8j)ines  occur  sparingly, 
but  the  plates  of  Ci*inoids  or  Starfish  were  either  absent  or  rare. 
Very  few  fragments  of  Bryozoa  were  seen. 

No  fish  teeth  or  coproUtes  occmrred  in  any  of  the  specimens 
from  the  localities  above  mentioned. 

The  two  remarkable  beds  of  phosphatic  chalk  discovered  at 
Taplow,  and  described  by  Mr.  Strahan,*  belong  either  to  this 
zone  or  to  that  of  Marsupites  (see  p.  219).  The  upper  one  is  11 
feet,  and  the  lower  4  feet  thick.  Like  that  of  Lew  es  (see  p.  307) 
they  are  full  of  brown  coproUtes  rich  in  phosphate  of  lime. 
They  rest  on  floors  of  hard  nodular  rock  into  which  the 
soft  material  of  the  overlying  phosphatic  chalk  is  piped. 

Mr.  Strahan  describes  the  piped  chalk  as  follows : — "  A  thin 
slice  of  the  piped  chalk  from  just  Ijelow  one  of  the  brown  beds 
shows  white  chalk  traversed  by  tul)es  full  of  the  brown  powdery 
variety.  Tlie  white  chalk  contains  a  few  scattered  Foraminifera, 
all  imperfect.  The  test  api)e^i-s  as  a  sharj)ly  defined  clear  layer, 
and  encloses  granular  material  resembling  the  mati-ix,  or  in  some 
cases  a  crystalline  substance,  but  in  many  instances  is  empty. 
Many  of  the  foi-aminiferal  chaml)ers  show  a  l)lack  cross  .... 
j)resumal)ly  due  to  a  radial  structure  of  the  test.  The  tul3es  men- 
tioned are  sharply  defined  and  crowded  with  organisms,  most  of 
them  filled  entii*ely  or  partly   with  an  opaque  browm  mineral." 

The  contents  of  the  brown  rock  obtained  by  powdering  are 
chiefly  brown  grains,  which  are  without  much  doubt  the  excreta  of 
small  animals,  pieces  of  fish  teeth  andljone,  prisms  of  Inoceramus, 
etc.,  and  manv  Foraminifera.  The  Une  mud  consists  mainlv  of 
coccoliths  [i.e.,  pseudococcolithsj,  discoliths,  and  rhabdoliths. 

Foraminifera. — Foraminiferal  tests  were  more  numerous 
amongst  the  coarser  particles  of  the  washings  than  in  the  zone  of 
Micraster  cortestudinarium,  and  the  ])hosphatic  chalk  of  Taplow 
is  very  rich  in  Foraminifera. 

*  On  a  Phosphatic  Chalk  with  Belemnitella  quadrata^  at  Taplow. 
Quart.  Journ.  Geol.  See.,  Vol,  xlviL  p.  356  (1891). 
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Mr.  Chapman  identified  51   species  among  those  isolated  from 
our  washingSjthe  followingfamiliesand  genera  being  represented: — 


Families. 

Gen. 

No.  of  species. 

ABtrorhizidae  - 

Rhizammina 

1 

Lituolidse 

Reophax 

1 

Haplopbragmium 

2 

Ainmodiscus 

1 

TextulariidaR 

Textularia    -       -       -       - 

3 

Verneuilina  • 

2 

Tritaxia 

1 

Spiroplecta 

1 

Gaudryiua 

3 

Bulimina 

9 

Bolivina 

1 

iagenid^e 

Nodoearia 

2 

Frondicularia 

2 

Rhabdogonium    • 

1 

Cristellaria  - 

7 

Polymorpbina 

1 

Ramulina 

1 

Globigerinidae  -        -       - 

Globigerina          .       .       - 

3 

Botaliidse 

Discorbina   -       -       -       : 

1 

Tnincatulina 

3 

Anoiiialina  -       -       -       - 

1 

Pulvinulina          ... 

1 

Rotalia                 .       .       . 

3 

Of  these  51  species  the  most  persistent,  i,e,,  those  which  occur  in 
every  sample  from  this  zone,  are  Verneuilina  triquetra,  Bulimina 
brevis,  and  BulimiTia  obtusa,  Cristellaria  convergent,  Ramulina 
a/mleata,  Truncatulina  ungerianUy  Anamalina  ammxmoides,  Pul- 
vinulina  micli^liniana,  and  Rotalia  Soldani, 

Of  these  Anomalina  ammjcmaides,  Verneuilina  triquefra,  Pul- 
vinulina micheliniana,  Rotalia  Soldani  were  most  abundant. 
Bulimina  Presli,  a  form  not  noticed  before  in  the  Upper  Chalk, 
occurs  rarely  at  Dover.    For  a  complete  list  see  p.  349. 

GlobigerincB  were  rare  everywhere  and  such  as  were  isolated 
were  minute  and  puny  examples  of  the  family.  Ai-enaceous  forms 
were  generally  rare  or  absent  in  the  residues,  but  in  that  from 
Blandford  the  tubes  of  Rhizammina  formed  much  of  the  insoluble 
material. 

Ostracoda. — Valves  of  Ostracoda  were  present  everywhere  and 
the  following  forms  were  isolated  from  the  washings  and  named 
by  Mr.  Chapman  : — 

Bairdia  subdeltoidea,  Munster. 
Cythereis  ornatissima,  Reuss. 

„  „         var.  nuda,  J,  ik  li.  ; 

,y  ,»         reticulata,  J.  AH,  ?   !  • 
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QytheroDteron  alatum,  var.  oornuta.  Bosquet 
Qrtherella  ovata,  Roemer, 

Y,         obovata,  J,  &  H. 

„         MuenBteri,  Eoemer, 

„         williamsoniana,  Jones, 

No  sponge-spicules  occurred  in  the  washings. 

Examination  of  the  Besidnes. 

In  the  annexed  Ust  of  six  specimens  of  the  Chalk  of  this  zone 
subjected  to  treatment  with  the  acid  solution  we  include  three 
by  Dr.  Hume. 

It  will  be  seen  that  the  percentages  of  the  insoluble  material 
are  again  irregulai*  and  there  is  no  sequence  when  the  specimens 
are  compared  one  with  the  other,  but  as  a  whole  there  is  a  smaller 
percentage  than  in  the  zone  below. 

The  Norfolk  sample  is  the  purest  chalk,  giving  only  a  residue 
of  •  750  per  cent.,  while  that  at  Culver  Cliff,  Isle  of  Wight,  contains 
2*50  per  cent,  of  insoluble  matter,  this  sample,  however,  seems  to  be 
taken  from  the  bed  of  green-coated  nodules  which  occurs  at  or 
above  the  top  of  the  zone  in  this  locality.* 

The  percentages  of  the  coarser  particles  is  exceedingly  small, 
the  largest  amount  occura  in  the  specimen  from  Kirk  Ella,  York- 
shire, but  this  is  due  to  the  occm-rence  of  fragments  of  siUcified 
shell. 

Detrital  Minerals. — Grains  of  quartz  and  alkali  felspai*  are 
the  only  minerals  recognised,  so  few  indeed  are  they  that  the 
whole  of  them  could  usually  be  counted.  The  average  of  the 
maximum  size  of  the  gi*ains  is  the  same  as  in  the  underlying  zone, 
but  the  general  average  is  largei\  Three  large  grains  in  the 
Norfolk  specimen,  however,  partly  explain  this. 

Secondary  Minerals. — (jlauconite  occmred  only  in  two  Siimples. 
Three  rods,  apparently  residuary  spicular  canals,  were  noticed  in 
the  residue  of  the  Blaiidford  specimen  and  Dr.  Hume  records 
glauconitic  rods  and  spherules  in  that  from  Culver  Chff. 

Iron  oxide  occurs  usually  as  minute  spherules,  brown  exte- 
riorly with  daiker  centres,  and  not  so  frequently  in  the  inegular 
shapeless  masses  which  are  met  with  in  the  lower  zones. 

In  many  residues  of  the  Upper  Chalk  small  irregularly-shaped 
masses  of  milky-white  colom*  frequently  occur.  They  are 
sihceous  and  when  broken  into  fragments  polarize  with  brilliant 
colours  similar  to  chalcedony.  They  are  not  solid  as  a  rule,  but 
consist  of  irregularly  shaped  mammillated  aggregations  of  siUca 
firmly  fused  together. 

*  Chemical  and  ^iicro-Mineralogical  Researches,  page  65. 
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Zone  of  Marsupites. 
Microscopic  aspect  of  thin  Sections. 

The  thin  sections  of  the  chalk  of  this  zone  which  wc  have 
examined  niunljer  only  seven.  The  localities  from  which  the  samples 
were  taken  are  Blandford  in  Dorset,  Highfield  near  Salisbury, 
the  Isle  of  Wight,  Arundel  in  Sussex,  Margate  in  Kent,  and 
from  the  lower  third  of  the  flintless  chalk  from  Flamlx)rough,  York- 
shire. All  these  specimens,  and  indeed  those  of  the  two  succeeding 
zones,  exhibited  such  a  general  resemblance  in  microscopical  aspect 
that  one  description  might  almost  serve  for  all. 

The  decrease  in  the  amount  of  recognisable  organic  jmrtides 
continues,  the  coarser  material  scarcely  exceeding  10  per  cent,  of 
the  mass  in  four  out  of  the  seven  specimens.  Of  the  three 
exceptions,  the  example  from  Highfield,  holds  about  15  per 
cent,  of  small  shell-fragments  and  Foraminifera,  that  from 
Margate  contains  rather  more  shell-fragments,  these  with  the 
foraminiferal  cells,  "  spheres,*'  and  entire  foraminifera,  forming  15 
to  20  per  cent,  of  the  mass.  In  the  case  of  the  flintless  chalk  of 
Yorkshire  there  are  scarcely  any  shell-fragments,  but  foraminiferal 
cells  and   '*  spheres  "   are   rathei*  numerous. 

Shell-fragments  are  very  few  in  number  and  usually  so  small 
that  it  is  impossible  to  suggest  from  the  examination  of  thin 
sections  whence  they  were  derived.  Very  few  recognisable 
Globigeriiue  occur,  in  two  of  the  slides  there  seem  to  be  none ; 
that  of  the  flintless  chalk  contains  three  or  fom%  and  possibly  some 
very  minute  forms  which  occur  in  the  Blandford  example  may 
be  referred  to  this  genus. 

Minute  Textularians  are  to  be  seen  in  most  of  the  sections.  The 
few  larger  forms  which  occur  are  usually  too  indefinite  for 
identification  in  section. 

Results  of  the  Examination  of  Washings. 

Three  specimens  of  this  zone  were  broken  up  and  washed  with 
water,  they  were  obtained  from  Blandford  (Dorset),  Arundel 
(Sussex),  and  Margate  (Kent). 

Shell- fi'agTnents. — /Tiocemmus-prisms  of  the  long  rounded 
type  formed  a  considerable  part  of  the  calcareous  particles,  and 
were  most  numerous  in  the  Margate  and  Arundel  specimens 
Besides  these,  a  few  flat  pieces  and  here  and  there  a  portion  of  a 
ribbed  shell  were  noted.  Rather  large  fragments  of  calcite  often 
occur,  not  only  at  this  horizon,  but  in  most  of  the  Upper  Chalk 
zones ;  these  sometimes  can  be  made  out  to  be  fragments  of  Inoce- 
ramus  and  probably  the  thicker  parts  of  other  shells,  but  some  seem 
to  have  no  structure  or  if  they  have  it  is  obscured  by  the  redeposition 
of  ealcite. 


328 


THE  CRETACEOUS   ROCKS  OF  BRITAIN. 


Plates  and  spines  of  Echinoderms  were  common  in  the  Ai-undel 
sample,  in  which  also  were  noted  ossicles  of  Asteroids  and  Crinoids, 
but  in  the  other  two  specimens  such  fragments  were  of  less  frequent 
occurrence. 

A  few  fragments  of  Ikyozoa  were  noted  m  each  sample. 

The  chalk  of  this  zone  from  Arundel  contained  also  minute  ovoid 
coprolites,  and  clear  amber  coloured  fiagments  which  appeared  to 
be  either  teeth  or  bone. 

Foraminifera. — Though  the  list  of  forms  is  not  so  long  as  in 
some  other  zones,  Foraminifei-a  are  individually  abundant  at  this 
horizon  at  all  the  above  locaUties. 

The  specimens  isolated  were  named  by  Mr.  Chapman,  who 
found  40  species  belonging  to  the  following  genera  : — 


Families. 

Genua. 

No.  of 
Species. 

Afltrorhizidse 

Rhizammina 

1 

Lituolidee 

Reophax 

1 

New  species. 

Hafdophragmium 

2 

One  new  species. 

Ammodiflcus 

2 

TextulariidsB 

Textularia 

2 

Vemeuilina 

2 

Tritaxia 

1 

Qaudryina 

2 

— 

Bulimina    - 

6 

Pleiuroetomella    - 

1 

Ijagemds 

Nodosaria   - 

4 

Flabellina    - 

1 

Rhabdogonium  - 

1 

Marginulina 

1 

Cristellaria 

2 

Ramulina    - 

1 

Qlobigerinidae 

Globigerina 

Rotaliidse 

Truncatulina 

3 

Anomalina 

1 

Pulvinulina 

2 

Rotalia        ... 

2 

Six  of  the  species  noted  as  most  pei*sistent  in  the  zone  below  occur 
at  this  horizon  in  every  specimen  of  the  chalk  examined,  viz., 
Verneuilvia  triqnetra,  Bulimina  brevis,  Trunaitulina  ungeria^Wy 
Anomalina  ammonoides,  Pulvinulina  michelinianay  and  Rotalia 
Soldo ni.  To  these  must  be  added  another  form  {Rotalia  ex- 
sculpta),  which,  from  this  point  to  the  summit  of  the  Chalk,  is  to 
be  found  in  all  specimens. 

Anomalina  ammonoidea  is  exceedingly  common  in  the  zone  of 
Ma/rsupitcs  Chalk,  and  the  other»  though  hardly  so  abundant 
occur  with  groat  frequency.  The  Globvjerinie  as  I)efore  are  rare. 
For  a  complete  list  of  the  species,  see  p.  349. 
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Arenaceous  forms  were  not  found  in  any  of  the  soutliein 
samples,  but  in  the  flintless  Chalk  of  Yorkshire  they  recurred 
in  some  abundance.  Ammodiscus  incertus  and  Rhizamminu 
indivisa  were  the  most  frequent,  and  the  Hst  includes  a  new 
species  of  Reopluix  and  another  of  Haplophrafjmium, 

The  valves  of  Ostracoda  seemed  rather  more  abundant  amongst 
the  coarser  particles  and  the  following  were  isolated  from  the 
washings  and  named  by  Mr.  Chapman  : — 

Pontocypris  boequetiana^  Reuss 

Utiirdia  subdeltoidea,  Munster 

Cythere  (species). 

Cythereis  ornatissima,  var.  paupera,  J.  dk  H. 

CytheropteroQ  eoQcentricum,  Reuu  var.  virginea,  Jo}ie$ 

,y  umbonatum,  Will. 

Cytherella  ovata,  Boemer 

obovata,  J.  <fc  H. 

williamsoniana,  var.  granulosa,  Jones 

Muensteri,  Boemer 


»» 
•» 


Examination  of  the  Residues, 

Four  specimens  of  this  zone  were  treated  with  the  acid  solu- 
tion. ITie  results  of  three  of  these  caII  for  no  special  remark. 
They  are  all  very  pure  chalks  containing  less  than  1|  per  cent, 
of  insoluble  material.  The  coarse  residue  separated  from  the 
fine  clay  was  very  minute  in  quantity,  and  consisted  of  a  few 
quartz  grains,  the  average  size  of  those  measm*ed  being  07 
mm.,  and  spherules  or  particles  of  iron  oxide.* 

In  the  fourth  example,  that  of  the  flintless  chalk,  from  near 
Flamborough,  Yorkshire,  the  insoluble  residue,  chiefly  flne  clay, 
reaches  3*  120  per  cent.,  an  amount  exceeded  in  two  cases  only 
above  the  hoiizon  of  Holaster  planus.  It  seems  at  fli*st  sight 
exceptional  lx)th  for  the  hoi-izon  and  the  locality,  but  this 
increase  of  clayey  matter  in  the  highest  \)eds  of  the  Yorkshire 
Chalk  is  conflrmed  by  the  analysis  of  the  specimen  from  the 
overlying  zone.  The  coai-^er  part  of  the  residue  of  the  flintless 
chalk  consisted  largely  of  the  debris  of  arenaceous  Foraminifera, 
and  no  less  than  six  different  species  were  isolated  from  it. 
Amongst  the  mineral  grains  in  this  specimen  Mr.  Teall  recognises 
quartz  and  inicrcK'line  fels])ar. 

Secoiuliirtf  M ine mis.  ^Cjlauvoniie  is  rare.  Iron  oxide  frequently 
occurs  in  minute  spherules. 

*  Dr.  Hume  analysed  a  sample  taken  from  the  base  of  the  pinnacles 
"just  outside  Studland  Bay"  on  the  Dorset  coa.**t  (see  Chemical  and  Micro- 
Mineralogical  Researches,  p.  65),  believing  this  to  l)e  in  the  zone  of 
Afay^supites,  Init  Dr.  Rowe  has  shown  that  it  must  be  in  the  zone  of 
Jiel.  mucronata. 
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Zone  of  Actinocamax  quadbatus. 
Microscopical  aspect  of  thin  sections. 


The  specimons  of  this  zone  were  nearly  all  obtained  from  the 
South  of  England,  and  chieHy  from  the  neighbourhood  of 
SaUsbury,  viz.,  three  from  Britford,  Whaddon,  and  Milford;* 
one  other  was  taken  from  Culver  Cliff,  about  70  feet  above  the 
Hintless  zone.  They  aie  all  much  alike  and  consist  largely  of  amor- 
phous material  with  foraminiferal  cells  and  "  spherte,"  the  latter 
being  rather  moi'e  numerous  than  in  the  zone  Ijelow.  A  few 
minute  Textularia  and  nautiloid  forms  may  be  detected  in  each 
slide,  and  occasionally  the  tests  of  the  larger  forms  of  Foraminifera, 
which  washings  show  to  occur,  are  cut  through  in  section,  but  are 
not  identifiable.  Glohigerinw  are  rare.  In  one  of  the  Britford 
specimens  (collected  by  Mi\  Jukes-Browne)  thin,  thread-like 
sponge-spicules  occui* ;  one  form,  is  trifid  and  another  appeai-s  to 
be  part  of  Hexactinellid  mesh.  They  are  all  rather  obscure. 
The  shell-fragments  are  small,  and  appear  to  be  pieces  of  thin 
shell ;  only  very  few  suggest  derivation  from  liwceramus.  Here 
and  there  a  small  fragment  of  Echinoid  test  occui-s.  The  amount 
of  shell-fragments,  foraminiferal  cells  and  Spheres  ranges  from  15 
to  20  per  cent. 

An  example  of  this  zone  from  the  highest  chalk  in  Yorkshire, 
near  Bridlington,  presents  a  very  similar  aspect,  though  there 
are  fewer  shell-fragments.  Cells  and  Spheres  are  numerous 
and  there  ai-e  two  or  three  trifid  spicules.  The  amount  of  the 
coarse  particles  is  estimated  about  15   per  cent. 

The  Examination  of  Washings. 

Specimens  of  the  zone  from  locaUties  above  noted  near  Salisbury 
and  that  from  the  Isle  of  Wight  were  washed  with  water.  That 
from  Yorkshire  is  hard  and  semi-crystalline  and  washing  it  was 
not  attempted. 

Shell-fragments. — The  observation  made  with  regard  to  the 
shell-fragments  in  the  examination  of  the  sections  was  verified 
in  the  washings.  They  proved  to  be  for  the  most  part  thin,  irregu- 
larly shaped  pieces,  the  origin  of  which  is  doubtful.  Inoceramus 
prisms  were  not  numerous.  Crinoid  ossicles,  Echinoid  spines  in 
short  lengths,  and  here  and  there  a  single  fragment  of  Bryozoon 
was  noted. 

No  sponge-spicules  were  recognised  in  the  washings. 

Foraminifera. — ^These  organisms  appear  to  be  less  abundant  in 
this  zone  than  in  any  other,  so  far  as  oiu*  examination  has  gone. 

*  Specimens  of  the  upper  and  lower  part  of  the  zone  were  kindly  sent 
by  Dr.  Blackiuore  at  the  request  of  Dr.  Howe. 
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Those  obtained  from  our  washings  were  named  by  Mi\  F.  Chap- 
man and  number  only  thirty  species  and  varieties,  thi'ee  of  which, 
a  Tritaxia,  a  Bidimina  and  a  Bolitntuiy  are  new  to  science. 


Families. 

Genus. 

No.  of 
Species. 

Astrorhizidae 

Rhizammina 

3 

Lituolicbe  - 

Ammodiscus 

1 

Textulariidse 

Textularia  - 

2 

Verneuilina 

1 

Tritaxia      -       -       - 

1 

One  new  species. 

Bulimina    -       -       - 

6 

One  new  species. 

Bolivina      -       -        . 

2 

One  new  species. 

Pleurostomella    - 

1 

Lagenid^e 

Lagena       -       -       - 

1 

Cristellaria          -   .    - 

4 

Pdiymorphina     - 

1 

Qlobi^erioidfle     - 

Truncatulina 

1 

Rotaliidse    - 

Anomalina 

1 

One  abnormal. 

Pulvinulina 

2 

Rotalia        ... 

3 

AnMnodiscus  incertus  occurred  in  all  the  acid  residues  of  this 
zone.  The  absence  or  rarity  of  Nodosaria  and  Globigerina  is 
curious.  VerneuUiiia  triquetra,  Bvlimina  brevis,  and  B.  obtusa, 
Cristdlaria  rotutata,  Trujuxbtvlina  ungeriana,  Anomalina  ammo- 
noideSy  Ptdvintdina  micheliniana,  Rotalia  exsculpta  and  li. 
Soldani  with  its  variety,  nitida,  are  amongst  the  commonest  forms. 
The  most  interesting  is,  perhaps,  Rhiza/mmviaa  algcBfomiiSy  whicb 
Mr.  Chapman  recognises  in  the  acid  residue  from  the  Yorkshire 
example,  and  recorded  for  the  first  time  from  the  chalk. 

This  form  is  described  by  Dr.  Brady  thus  :* — "  Test  free,  tubular, 
branching  dichotomously,  flexible,  forming  tangled  weed-like 
tufts  of  indefinite  size.  Texture  chitino-arenaceous,  rough  exter- 
nally." *'  S|3ecinieus  of  this  8|)ecie8  were  obtained  by  Dr.  Car- 
penter, in  18(>9,  in  the  deejiest  ix)i*tion  of  the  Atlantic  explored 
by  the  Porcupine  Expedition  of  that  \ear."  But  at  one  of  the 
Challenger  stiitions  otV  the  western  coast  of  South  America,  about 
the  latitude  of  Valparaiso,  the  principal  part  of  the  contents  of 
the  dredge  consisted  of  a  weed-like  organism  of  this  soit.  *'  At 
first  sight  the  tangled  threads  bear  considerable  I'esemblance 
to  masses  of  some  Melanospermous  Alga." 

The  depth  of  water  where  this  form  occurred  so  abundantly 
was  2,160  fathoms,  but  it  appears  to  range  from  2,900  fathon)8 
in  the  North  Pacific  to  210  fathoms  near  the  Fiji  Islands. 

*  Report  of  the  Foraminifera  dredged  by  the  Challenger  Expedition, 
p.  274. 


MICROSCOPIC    STRVCTITRE.  333 

Ostracoda.—But  few  valvea  occurred  in  the  washings  of  this 
zone.    The  following  were  named  by  Mr.  Chapman  :— 

Bairdia  subdeltoidea,  Munst. 
Cythereis  lonsdaleana,  Jonef 
Cytherella  ovata,  Hoenier 

Examination  of  the  Residues. 

Little  can  be  said  in  regard  to  the  residues.  The  SalisbuiT 
specimens  are  amongst  the  purest  chalks  examined.  The  speci- 
men from  Culver  Clitt'  was  I'emarkable  from  the  numl)er  of  are- 
naceous Foraminifera  it  contained.  The  inci-ease  in  the  amount 
of  clayey  matter  in  the  north  continues  through  this  zone,  the 
analysis  showing  a  slightly  larger  percentage  of  insoluble  residue. 
As  before,  the  coai-ser  part  of  this  residue  consists  chiefly  of  are- 
naceous Foraminifera,  Ithizammiiia  and  Ammodiscus  being  the 
prominent  forms. 

The  only  minei'al  grains  recognised  were  of  quartz.  These 
occurred  in  all  residues,  but  wero  nowhere  numerous.  Some 
of  the  grains  observed  were  larger  than  any  seen  in  the  zone 
of  MarsupUea,  but  the  average  size  is  nearly  the  same,  viz.. 
•08  mm.  Glauconite  is  entirely  absent.  The  coarse  residue,  as 
usua^  consists  chiefly  of  small  fragments  of  iron  oxide. 
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Zonk  of  Bj«a.KMNiTi«:LLA   muobonata. 
Microscopic  Aspect 

The  chalk  of  this  zone,  like  that  underlying  it,  consists  chiefly 
of  amorphous  c^ilcareouH  material.    Seven  slides  were  prepared. 

Specimens  fi*om  Dorset  contain  only  a  few  small  shell-fragments' 
but  Foraminifera,  cells,  and "  spheres ''  are  fairly  numerous, 
minute  Textulai'ians  l^eing  especially  abundant.  One  or  two 
nautiloid  forms  can  be  made  out,  the  i*emainder  have  a  vague 
outline,  and  give  no  clue  to  family  or  species.  The  area  occupied 
by  these  forms,  together  with  the  shell-fragments,  may  be 
estimated  from  10  to  20  per  cent.,  but  it  must  be  remembered  that 
the  tests  are  themselves  full  of  tine  amorphous  material. 

Two  specimens  from  Salisbury,  kindly  sent  by  Dr.  Blackmore, 
are  also  chiefly  amorphous  matter,  ^nd  contain  a  very  small  pro- 
portion of  fine  shelly  fragments.  Minute  Textularians  and  globular 
forms  which  may  Ije  minute  Cllobigeriiup,  with  here  and  there  a 
larger  test  are  scattei-ed  thinly  through  the  chalk.  Neither  cells 
nor  "spheres'*  are  common,  the  total  amount  of  recognisable 
particles  and  Foraminifera  cannot  exceed  10  to  12  per  cent.  In 
a  third  specimen,  however,  both  cells  and  *'  spheres  "  are  rather 
numerous. 

Three  s})ecimens  from  the  Isle  of  Wight,  i.e.  from  Ashey  Down, 
Culver  Cliff,  and  Newport,  all  contain  a  larger  percentage 
of  shell-fragments,  and  recognisable  organic  fragments  ai'e  more 
numerous  in  the  deposit.  The  shell-fragments  are  rather  small 
and  thin,  and  though  particles  evidently  derived  from  the  shells 
of  liwceramvA  are  present  they  are  not  numerous.  Fi'agments  of 
Echinoderms  are  present  in  all  specimens,  and  in  two  out  of  three 
portions  of  Bryozoa  have  been  sliced  through.  Cells,  "  spheres," 
and  Foraminifera  are  thinly  scattered  throughout  the  rock ;  these, 
with  shell-fragments,  may  be  estimated  to  form  20  to  30  per  cent, 
of  it. 

The  specimen  from  Norwich  is  remarkable  for  the  number  of 
Foraminifera  it  contains.  These  are  chiefly  small  Textvlaria, 
probably  T.  globulom,  but  Globigerinfr  also  occur.  They  are 
somewhat  unevenly  disti-ibuted,  and  occur  in  veins  or  patches ; 
in  some  parts  of  the  specimen  examined  they  form  from  20  to 
30  per  cent,  of  the  chalk,  while  in  others  they  are  far  less 
numerous. 

No  sponge-spiculea  were  observed  in  any  of  the  sections  of  chalk 
from  this  zone. 
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Besiilts  of  the  Examination  of  Washings. 

The  four  specimens  of  chalk  of  this  zone  broken  up  and  washed 
with  water  were  from  Sahsburv,  Dorcliester,  the  Isle  of  Wight 
and  Norwich  ;*  the  results  were  not  of  great  inteivst,  but  serve 
to  confirm  opinions  formed  in  the  examination  of  thin  sections. 

Shell'fragmeats. -—These  are  chiefly  thin  tlattish  ])ieces,  occa- 
sionally ribl)ed,  suggesting  derivation  from  Vccfeii,  and  irregular 
and  more  or  l^js  angular  particles  of  the  thicker  jmi'ts  of  shells, 
/iiocerrtmiis-prisms  are  present,  though  not  very  numerous. 
The  Norwich  8|)ecimen  contained  many  fragments  derived  appa- 
rently from  a  small  Teref>rat\ila.  Stout  short  lengths  of  echinoid 
spines  and  fragments  of  the  test,  ossicles  of  Starfish  or  of  Crinoids 
were  all  not  unconunon.  Small  spines  of  an  Echinoderm  were 
exceptionally  numei-ous  in  the  specimen  from  Norwich.  Fragments 
of  Bi^iozoa  were  fre([uent  in  the  Isle  of  Wight  specimen,  and  a  few 
occurred  in  those  from  Salisburv  and  Norwich. 

A  few  fragments  of  fish  tieeth,  and  here  and  there  a  coprolite, 
were  noted  in  the  Isle  of  Wight  chalk,  and  one  or  two  were  seen 
in  that  from  Salisbury. 

Spofig&'Spicules,— It  is  a  curious  fact  that  while  sponge-spicules 
are  abundant  in  the  meal  of  flints  in  all  the  zones  of  the  Upper 
Glialk  none  occur  among  the  coarser  particles  when  a  sample  of 
the  chalk  itself  is  washed.  It  is  true  that  a  few  trifid  spicules, 
and  some  that  are  apparently  monactinellid  forms,  can  now  and 
then  be  recognised  in  thin  sections,  but  above  the  zone  of  M, 
cartestudinarium  thev  are  never  abundant,  and  the  siliceous  wall 
of  the  spicule  is  either  entirely  dissolved  or  replaced  by  calcite. 

M.  Cayeuxf  remarks  that  judging  by  the  evidence  of  thin 
sections  one  would  conclude  spicules  were  nearly  alDsent  in  the  zone 
of  T ,  gracUiSy  but  by  acting  on  the  chalk  with  weak  acid  a  residue 
is  obtained  which  is  rich  in  spicules.  We  have  exi)erimented  in 
the  case  of  one  specimen  of  the  Actinocamax  qvadratus  zone  with 
a  weak  solution  of  acetic  acid,  but  without  result,  although  a  thin 
section  showed  small  spicules  were  present.  In  the  meal  found 
in  the  centre  of  a  single  Paramoudra  flint  from  the  zone  of  B^/. 
mxicronatay  near  Norwich,  Dr.  Hinde  obtained  no  less  than  100 
difterent  forms  belonging  to  32  genera  and  38  sjXK^ies,  the  four 
chief  families  being  represented.  Dr.  HindeJ  remarks,  "  So  far  as 
these  comparisons  extend  the  sponges  of  this  Chalk  flint  may 
have  inhabited  a  depth  of  1,700  fathoms.'* 


*  Kindly  sent  by  Mr.  Sothern  at  the  request  of  Mr.  H.  B.  Woodward. 

t  Contribution  a  T^tude  Micrograph ique  des  Terrains  S^dimentaires, 
p.  290. 

X  Fossil  sponge  spicules  from  the  Tapper  Chalk,  Dr.  G.  J.  Hinde,  p.  75, 
Munich  (1880), 
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Foramini/cra.— Foraminifera  are  fairly  abundant  in  this 
zone,  and  from  the  washings  53  species  were  isolated  and  named 
by  Mr.  F.  Chapman.  They  include  a  new  species  of  Reaphax,  and 
another  of  Haplophragmium. 


Families. 

Qenus. 

No.  of 
Species. 

Lituolida)    - 

Reophax 

1 

New  species. 

Haplophragmium 

1 

New  species. 

Lituola  .     "       -        - 

1 

Ammodiscus 

1 

TextnlariidfF! 

Textularia  -       -       - 

3 

Verneuiiina 

1 

Tritaxia       - 

2 

Spiroplecta 

1 

Gaudryina 

3 

Buliinina    -       -       - 

7 

r 

Boliviaa      -        -        - 

2 

Pleurostomella    - 

1 

LagenidaB    - 

Nodoflaria   -        -        - 

6 

« 

Frondicularia 

2 

Flabellina    - 

1 

Marginulina 

1 

Cristellaria 

7 

Polyuiorphina    - 

1 

Ramiilina   -        -        - 

1 

QlobigerinidflB     - 

Qlobigerina 

1 

Pullenia      -        -        - 

1 

Rotaliida^    - 

Tnincatulina 

2 

Anomalina 

2 

' 

Pulvinulina 

2 

Rotalia        -       -        - 

• 

2 

The  most  pei-sistent  and  at  the  same  time  the  commonest 
species  in  the  washings  are  Textularia  turris,  Bvlimina  cbtiLsa 
and  D.  brevis,  Cristellaria  convergenSf  C.  rotvlata,  Anomalina 
ammonoide^,  Pulvinulina  michdiniana,  Rotalia  Soldaniy  var. 
nitida  and  R.  exsculpta  ;  Ammodiscus  incertus  occurred  in  two  of 
the  acid  residues.    A  Ust  of  the  species  is  given  on  p.  349. 

Ostracoda,—T\ie  following  is  a  list  of  the  species  which  were 
isolated  from  the  Norwich  specimen  and  named  by  Mr.  F.  Chap- 
man :— 


Paracypris  siUqua,  J.  &  H, 
Cythereis  oraatissima,  Retiss 

„  M  var.  paupera,  J,  &  H. 

„         ,,  var.  nuda,  J,  &  H. 
Cytheropteron  umbonatum,  Will. 

„  alatum,  Bosquet 

„  concentricum,  Reu88 

6821 


Cjrtheridea  perforata,  Roemer 

CythereUa  ovata,  Roemer 
obovata,  «7.  dh  H* 
Muensteri,^  Roemer 
williamsoniana,  Jonc:^ 
M  var.  granulosa,  J.  d:  H. 


» 


»» 


»» 
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Examination  of  the  Besidues. 

The  results  of  six  analyses  of  the  Chalk  of  this  zone  are  shown 
on  the  annexed  table,  three  of  which  are  taken  from  Dr.  Hume's 
"  Chemical  and  Micro-Mineralogical  Researches." 

While  the  Dorchester  specimen  will  compare  in  the  amount 
of  insoluble  material  with  the  zone  below,  those  from  Salisbiu-y 
and  the  Isle  of  Wight  show  an  increase  of  fine  clay. 

The  comparatively  large  percentage  of  coarse  residue  in  the 
Salisbury  specimen  is  largely  accounted  for  by  the  amount  of  iron 
oxide,  but  there  is  also  a  marked  increase  in  the  number  of  arena- 
ceous Foraminifera.  These,  as  in  the  Yorkshire  specimen  of  the 
lower  zone,  were  chiefly  Ammodiscus  and  Rhizamminay  the  former 
also  occurring  in  Dr.  Hume's  specimen  from  the  Isle  of  Wight. 

Detrital  Minerals.— The  only  detrital  minerals  which  occurred 
in  this  zone  were  quartz  and  felspar  in  small  sub-angular  and 
angular  grains.  They  seem  to  vary  m  quantity,  being 
most  numerous  in  the  specimens  from  Dorchester  and  Norwich. 
In  the  first  mentioned  sample  a  single  large  gram  was  cemented 
to  a  grain  of  glauconite  of  similar  size ;  the  remainder  were  small 
particles  measiu'ing  from  .1  mm.  to  '03  mm.  The  Norwich 
specimen  also  contained  one  grain  of  considerable  size.  Dr.  Hume 
records  the  complete  absence  of  detrital  minerals  in  his  Isle  of 
Wight  specimen 

Secondary  Minerals,— With  the  exception  of  the  one  grain 
noted  above,  only  a  few  minute  spherules  of  glauconite  occurred. 

Cylindrical  lengths  of  iron  oxide— red  brown  exteriorly,  darker 
inside,  were  found  in  the  residue  of  the  Salisbiu'y  specimen,  while 
more  than  half  the  coarse  residue  in  the  specimen  from  Norwich 
consisted  of  small  masses  of  porous  iron  oxide.  With  the  exception 
of  one  small  piece  this  material  was  absent  in  the  specimen  from 
Dorchester.  Dr.  Hume  notes  limonite  in  the  chalk  of  this  zone 
from  the  Isle  of  Wight. 
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Tbdongham  Chalk.     Zone  of  Ostbea  lunata. 
Microscopic  Aspects. 

This  chalk,  a  firm  earthy  limestone,  white  in  colour,  but 
streaked  in  some  places  with  grey  veins,  is  rather  mealy  to  the 
touch,  its  textiu*e  recalling  to  the  mind  that  of  the  zones  of 
Holaster  planus  and  the  base  of  Micraster  ocn'testudinarium. 

Thin  sections  show  that  calcareous  particles,  which  appear  to 
be  chiefly  derived  from  shells,  are  extremely  abundant  in  it,  and 
these,  with  Foraminifera,  cells,  and  ''  spheres,"  form  at  least  50  pei 
cent,  of  the  rock.  Viewed  in  the  sections  these  shell-fragments  are 
mostly  small,  but  amongst  them  are  to  be  seen  long  thin  fibrous 
pieces,  probably  derived  from  Ostrea  lunata  and  few,  if  any,  suggest 
derivation  from  Inoceramus.  Fragments  of  the  plates,  spines, 
and  ossicles  of  various  Echinoderms  can  be  detected,  and  smallish 
pieces  of  Bryozoa  are  sometimes  cut  through.  The  Foraminifera 
are  chiefly  minute  Textularians  and  isolated  cells  with  a 
few  GlobigerincBy  larger  indefinite  forms,  and  here  and  there 
a  large  GlobigeriTui ;  Spheres  also  are  present.  The  even  texture 
of  the  rock  is,  however,  frequently  broken  by  veins  in  which  coarse 
organic  particles,  such  as  fragments  of  Ostrea  lumata,  plates,  spines, 
or  ossicles  of  Echinoderms,  and  the  larger  Foraminifera  are 
gathered  together.  Minute  green  grains  are  scattered  thinly 
through  the  rock,  and  under  crossed  Nicolls  minute  mineral 
grains  can  here  and  there  be  discerned. 

Examination  of  Washings. 

This  chalk  is  easily  broken  up  and  the  coarser  particles  are 
readily  separated  by  levigation.  Examination  of  the  coarser  part 
of  the  material  shows  that  many  of  the  shell-fragments  are  thin 
wafery  pieces  obviously  derived  from  Ostrea  lunata,  others  less 
numerous,  flat  or  ribbed,  are  probably  derived  from  Pecten,  small 
fragments  of  Terebratvla  and  also  of  Rhynchondla  were  also 
observed.  Inoceram/us-pnBmB  are  present,  but  are  not  numerous. 
Echinoid  spines  and  plates  were  also  noted,  but  ossicles  of 
Asteroidea  are  not  common.  Fragments  of  Bryozoa  are  fairly 
numerous.  No  sponge^picules  were  seen.  Foraminifera  are 
abundant,  and  among  those  isolated  from  the  washings  the  follow- 
ing species  were  named  by  Mr.  Chapman : — 


Lituola  ovata,  Marsson 

Textularia  sagittula,  Def ranee 

Bulimioa  elegans,  Brcuiy 

„  „  var.  exilis,  Brady 

„        rimosa,  Marsson 
'„        Presli,  Reuss 
,        pupoides,  d'Orb. 

BoHvioa  sp.  (near  punctata,  d'Orh.) 


Lagena  globosa,  Monif, 
Nodosaria  consobrina,  d'Orh. 

raphanistrum,  L. 

Zippei,  ReiLSs 

obliqua,  L. 

pauperata,  d'Orh. 

farcimen,    Revss 
Flabellina  cordata,  Remiss 
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Marginulina  glabra,  d'Orb. 

Vaginulina  legumen,  L, 

Cristellaria  rotulata.  Lam. 

gaultina,  Berth. 
planiuscula,  Reuss 
gibba,  d'Orb. 

Polymorphina  gibba,  d'Orb, 

„  communis,  d'Orb. 

,,  sp. 

Bamulina  aculeata,  Wright 

Globigerina  bulloides,  d'Orb. 

Pullenia  sphseroides,  d'Orb, 


»i 


»» 


»» 


Pullenia  quinqueloba,  Heuss 
Discorbina  globularis,  d'Orb. 
Truncatulina  ungeriana,  d'Orb, 

lobatula,  W.  db  J. 

(Marsson's  figure). 

sp. 
Anomalina  ammonoides,  Reuss 

Pulvinulina  elegans,  d'Orb. 
Rotalia  Soldani,  d'Orb, 

yy        sp.  (not  typical  Sddani). 

,,        exsculpta,  Reuss 


>> 


>y 


»» 


In  the  two  washings  made  from  this  chalk  the  most  abundant 
forms  were  Btdimina  jmpoides,  a  Bolivina  near  punctata  (d'Orb), 
Truncatulina  lobatula  and  Rotalia  Soldani.  Pulvinulina  micheli- 
niana  and  Rotalia  exsculpta  are  comparatively  rare.  It  is  remark- 
able that  a  deposit  containing  so  much  sand  should  be  absolutely 
free  from  arenaceous  Foraminif era.  The  only  form  observed  in  the 
acid  residue  was  a  minute  silicified  Textularian. 


Examination  of  the 


The  percentage  of  insoluble  material  in  the  specimen  ifrom 
Trimingham,  though  considerable,  is  not  larger  than  that  of 
some  other  specimens  of  the  Upper  Chalk,  and  though  it  is  exceeded 
by  two  examples  from  the  zone  M.  cortestudinarium,  and  by  the 
highest  Yorkshire  chalks,  nevertheless  it  is  among  the  highest 
of  this  division.  It  differs  from  all  others  most  markedly  in  the 
character  of  the  coarser  residue.  This  nearly  equals  in  amount 
the  coarse  residues  obtained  from  the  Chalk  Rock  of  Medmenham, 
but  instead  of  glauconite  more  than  one  half  of  it  is  fine  sand,  in 
even  sized  particles ;  one-fourth  consists  of  porous  iron  oxide  in 
rather  large,  irregular  fragments,  and  a  fifth  was  glauconite  and 
green-grey  mud.  Amongst  the  mineral  grains  Mr.  Teall  recognises 
quartz,  mica,  an  alkali  felspar,  microcline,  rutile,  tourmaline,  and 
zircon.  None  of  the  grains  exceed  *  10  mm.,  the  average  being 
•05  mm.  The  grains  of  glauconite  are  all  small  and  match 
the  grains  of  quartz  in  size. 

The  sample  from  Mundesley  was  sent  me  by  Mi*.  C.  Keid  and 
was  obtained  from  the  well  mentioned  oil  p.  263.  It  proved 
to  be  a  slightly  purer  chalk  than  that  obtained  from  Trim- 
ingham. The  amount  of  the  coarse  residue  was  a  little 
larger.  The  quantity  of  fine  sand  was  nearly  the  same,  but  the 
iron-oxide  was  almost  entirely  replaced  by  minute  bright  spherules 
of  Marcasite.    No  arenaceous  Foraminif  era  were  foimd. 
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THE     FINEST    MATERUL    OF    THE    UPPER    CHALK. 

As  a  whole  the  amorphous  material  of  the  Upper  Chalk  appears 
to  be  made  up  almost  entirely  of  the  debris  of  calcareous  organisms, 
and  if  we  except  the  zones  of  Holaster  planus  and  Micraster  cor- 
testudinarium  there  is  a  general  absence  of  the  larger  definite  calcite 
crystals  which  appear  to  be  due  to  secondary  crystallization,  and 
to  which  attention  has  been  drawn  in  the  description  of  the  Lower 
and  Middle  Chalk.  The  material  which  remains  suspended  in 
water  after  20  seconds  has  elapsed,  in  washing  almost  any 
specimen  of  the  Upper  Chalk,  if  mounted  in  balsam  or  in 
glycerine  and  examined  with  an  objective  of  one-eighth  or  one- 
tenth  of  an  inch  in  focus,  will  be  seen  to  consist  of : — (1)  Minute, 
irregularly-shaped  crystals ;  (2)  flat  particles,  evidently  organic; 
(3)  minute  Foraminifera ;  (4)  crystalloids,  etc. ;  and  (5)  ex- 
tremely minute  pai-ticles. 

The  greater  part  of  the  first  generally  show  a  fibrous  structure, 
and  are  presumably  derived  from  shells;  such  particles  are 
especially  numerous  in  the  mealy  chalk  of  the  zones  of  H,  pLanus 
and  M.  cortestudinarium,  but  they  may  be  accompanied  and  mixed 
with  cr3rstals,  due  to  secondary  crystallization,  from  which  they  can 
hardly  be  distinguished.  Such  particles  also  occur  in  higher  zones, 
and  seem  to  be  proportionally  abundant  to  the  recognisable  shell- 
fragments  which  can  be  seen  in  the  rock.  Many  of  the  second 
are  probably  derived  from  Foraminifera,  but  it  is  not  possible  to 
speak  with  certainty  in  the  case  of  a  large  number  of  particles. 
Though  the  secondary  formation  of  calcite  crystals  is  not  so  evident 
in  the  Upper  Chalk  as  in  the  Lower  and  Middle,  a  redeposition  of 
calcite  has  taken  place  on  small  particles  as  well  as  large,  frequently 
masking  their  structure. 

In  the  zone  of  Micraster  cortestudinarium,  where  fragments  of 
Bryozoa  were  common,  an  attempt  was  made  to  trace  particles  to 
this  source ;  many  also  of  the  commoner  Foraminifera  were  lightly 
crushed,  and  the  particles  compared  with  those  in  the  Chalk,  but 
in  the  majority  of  cases  no  definite  conclusion  could  be  arrived  at. 
With  the  Foraminifera  especially  this  is  a  different  result  to  a  similar 
experiment  in  the  Lower  Chalk.  It  may  be  noted,  however,  that 
there  were  several  kinds  of  particles  having  a  general  resemblance 
to  each  other  which  frequently  recurred,  and  it  is  possible  that  with 
a  little  more  time  for  investigation  their  derivation  may  eventually 
be  determined. 

Crystalloids  are  extremely  numerous,  especially  in  aU  parts  of 
the  Chalk  above  the  zone  of  Af .  cortestudinarium,  and  a  large 
number  of  the  minutest  particles  are  clearly  fragments  of  these 
bodies.  No  true  coccoliths  were  observed,  all  the  forms  being 
merely  thin  concave  discs.  Rhabdoliths  are  rarer  than  in  the 
lower  beds  of  the  Chalk.  A  few  stellate  forms  of  crystalloids  were 
observed,  but   nearly  all   were    masked    by  the    accretion  of 
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oalcite,  Gully,*  and  their  condition  is  almost  identical  with  the 
stellate  forms  found  in  a  sample  of  Barbados  earth  from 
Plumtree. 

Though  we  have  dealt  in  detail  with  the  larger  particles  of  the 
amorphous  matrix,  probably  half  of  it  consists  of  minute  atoms 
far  too  small  for  their  derivation  to  be  determined. 

General  Summary. 

From  the  tables  of  analyses  it  will  be  seen  that  the  chalk  of 
the  zone  of  Holaster  planus  contains  the  largest  amount  of 
insoluble  matter  where  it  has  the  aspect  of  Chalk  Bock,  and  less 
where  it  is  merely  a  nodular  chalk  ;  thus  the  purest  example 
coming  from  Pinhay,  near  Lyme  Eegis,  with  a  residue  of 
only  •  686  per  cent,  of  insoluble  material,  while  those 
from  Blandford,  and  Dover  contain  but  Uttle  more  insoluble 
matter.  There  is,  however,  a  larger  amount  in  a  specimen  from 
the  Isle  of  Wight  viz.,  1  *  209  per  cent. 

But  along  the  northern  escarpment  of  the  Chalk,  with  the 
advent  of  the  Chalk  Bock,  the  total  amount  of  the  insoluble 
residue  is  much  greater ;  and  though  this  amount  decreases 
again  northwards,  yet  in  reaUty  the  decrease  is  in  the  amount 
of  clay  and  not  in  that  of  the  quartz  or  glauconite.  Thus 
the  highest  percentage  of  insoluble  material  is  found  in  the 
sample  of  Chalk  Bock  from  Great  Barford  in  Wiltshh-e, 
2*90  per  cent.,  decreasing  to  1*75  per  cent,  at  Medmenham  in 
Bucks,  to  1  •  52  per  cent,  at  Luton,  and  to  'SSI  per  cent,  at 
Hitchin.  But  if  we  consider  the  relative  quantities  of  the 
chief  ingredients  they  can  be  tabulated  as  follows : — 


Localities. 

.  Clay. 

Quartz. 

Glauconite 

Greeu 
Matter. 

Barford    -        -       -       - 

2-71 

•03 

•11 

•05 

Medmenham     -       -       - 

1-17 

•01 

•40 

•08 

Luton        -       -       -       - 

•93 

— 

— 

Hitchin     -       -       -       - 

•58 

•047 

•14 

•10 

Passing  from  the  area  in  which  true  Chalk  Bock  occurs  and  pro- 
gressing to  the  north-east,  the  chalk  of  the  zone  of  H.  'planus  shows 
an  increase  in  the  percentage  of  insoluble  argillaceous  matter, 
which,  slight  though  it  be,  is  not  without  significance  when  viewed 
in  the  light  of  analyses  of  chalk  from  higher  zones. 

Sections  of  the  Chalk  Kock  show  that  there  must  have  been 
marked  diBferences  in  the  conditions  under  which  this  bed  was 
laid  down  when  compared  with  other  beds  of  ordinary  chalk. 
This  rock  consists  of  the  debris  of  a  variety  of  calcareous  and 
siliceous  organisms,  embedded  in  a  fine  calcareous  paste,  now  in 

•Quart.  Joum.  Qeol.  Sec.,  Vd.  xlviiL  p.  217  (1892) 
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the  condition  of  finely  granular  calcite,  and  it  would  seem  there 
was  at  this  horizon  a  floor  or  series  of  floors  at  the  bottom  of  the 
Ci'etaceous  sea  teeming  with  a  life  which  indicates  shallower  water. 
The  increase  in  the  amount  of  fine  clay  with  a  little  sand,  together 
with  the  sharply-marked  summit  of  these  floors,  suggests  current 
action,  which,  in  conjunction  with  decaying  animal  matter,  has 
its  sequel  in  the  formation  of  glauconite  and  of  nodules  of  slightly 
phosphatic  chalk. 

In  the  zone  of  Micraster  cortestudinarium  the  analyses  are 
somewhat  irregular,  and  for  the  first  time  one  fails  to  see  any 
definite  sequence  in  the  residts.  In  two  cases  (Swanage  and 
Medmenham)  the  percentage  of  the  insoluble  ingredients  exceeds 
that  of  the  zone  below,  and  another  from  Blandford  nearly  equals 
in  the  amount  of  insoluble  matter  a  specimen  of  the  Chalk  Rock 
from  Barford,  in  Wiltshire.  The  smallest  percentages  come  from 
examples  from  the  southern  and  south-eastern  counties,  while 
that  from  Yorkshire,  though  not  high  in  the  amount  of  insoluble 
matter,  is  not  lowest  in  the  series. 

The  amount  of  coarse  particles  separated  from  the  clay  of  the 
residues  in  specimens  from  this  zone  is  extremely  small.  Mineral 
grains  are  most  in  evidence  at  thQ  two  extremes— Blandford 
(Dorset)  and  Enthorpe  (Yorkshire).  In  the  residue  of  the  example 
from  the  latter  locality  were  many  arenaceous  foraminifera.  Layers 
of  hard  chalk,  very  similar  in  external  appearance  to  the  Chalk 
Rock,  occur  in  the  zone.  But  these  beds  do  not  exhibit  the  striking 
features  of  Chalk  Rock  w^hen  seen  in  thin  sections,  and  they  do 
not  appear  to  have  been  laid  down  under  similar  condi- 
tions. A  feature  in  many  of  them  is  the  abundance  of  sponge 
spicules,  the  siliceous  walls  of  which  have  in  all  cases  disappeared 
and  are  replaced  by  calcite.  It  seems  possible  that  the  hardening 
of  the  chalk  of  these  beds  may  be  due  to  the  dissolving  of  the  silica 
of  the  spicules,  giving  room  and  opportimity  for  the  subsequent 
re-crystallisaton  of  the  calcite. 

Compared  with  the  zones  below,  the  results  of  the  analysis  of 
samples  taken  from  the  zone  of  Micraster  corangui/num  are  more 
even,  and  a  first  glance  suggests  a  generally  higher  percentage  of 
insoluble  matter;  but  this  is  not  so,  the  average  of  all  the 
analyses  of  the  zone  of  Af .  cortestvdinari/am  giving  1*81  per  cent., 
while  that  of  the  zone  of  M,  coranguinvm  is  1*49  per  cent.  No 
sequence  is  observable  in  the  results,  and  there  is  no  special 
feature  which  attracts  attention.  The  average  of  the  analyses  of 
all  examples  of  the  chalk  of  the  zone  of  Marsupites  from  the 
southern  and  south-eastern  counties  shows  a  continued  decrease 
in  the  insoluble  residue,  which  is  now  only  104  per  cent.  A 
remarkable  feature  is,  however,  the  sudden  rise  in  the  chalk  of 
Yorkshire  to  312  per  cent.  As  might  be  expected,  this  is 
accompanied  by  a  larger  percentage  of  coarse  residue,  and  by  the 
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occurrence  of  arenaceous  Foraminifera,  the  tests  of  whifih  form  a 
considerable  part  of  it. 

In  the  succeeding  zone  of  Actinooamax  quadra4;u8  this  feature 
is  still  more  marked,  Yorkshire  examples  from  near  Bridlington 
giving  a  residue  of  3*281  per  cent.,  though  the  average  result 
from  southern  examples  of  the  zone  amounts  to  only  *682  per 
cent,  of  insoluble  matter.  Continuing  the  examination  with 
the  7SOOB  of  Belemnitdla  mucronata,  we  find  the  average  results 
of  the  analyses  give  a  slight  increase  in  the  insoluble  material, 
from  '682  per  cent,  to  '975  per  cent.  Finally,  in  the  zone  of 
Oatrea  lunata  it  increases  to  2*48  per  cent. 

The  question  arises,  does  this  slight  general  increase  above  the 
zone  of  M.  coranguinv/nv  indicate  a  general  movement  of 
re-elevation  and  a  gradual  return  to  shallower  water?  This 
certainly  seems  suggested  by  the  final  analysis  of  Trimingham 
and  Mundesley  Chalk,  the  residue  of  which  reaches  2*48  per 
cent.,  and  the  coarse  residue  of  which  contains  a  quantity  of  fine 
sand  containing  many  mica  flakes. 

In  all  the  zones  above  the  Chalk-Bock  up  to  and  including 
that  of  Bd,  mucronata,  the  amoimt  of  coarse  residue  separated 
from  the  clay  is  exceedingly  small,  and  though  mineral  grains 
occur  in  every  sample,  they  are  so  few  in  number  that  they  may 
be  frequently  counted.  The  greater  part  almost  always  consists 
of  iron  oxide ;  sometimes  this  may  be  oxidised  marcasite,  but 
it  is  frequently  a  porous  material,  very  easily  crushed. 

The  detrital  minerals  recognised  in  the  Upper  Chalk  are  very 
similar  in  character  to  those  of  the  lower  divisions.  Mr.  Teall 
is  of  opinion  that  if  a  sufficient  quantity  of  material  was  examined 
the  whole  of  the  minerals  found  in  the  Lower  Chalk  would  occur 
in   the  Upper, 

From  the  foregoing  summary  of  the  analyses  it  will  be  seen 
that  inorganic  matter  forms  a  very  small  part  of  the  Upper  Chalk, 
and  the  rock  as  a  whole  consists  largely  of  calcareous  materials. 
In  the  two  lowest  zones,  those  of  H,  planus  and  M.  cortestudi- 
narium,  the  rock  contains  a  larger  proportion  of  coarse  particles 
than  those  which  succeed  them,  and  we  may  infer  that  much  of 
the  calcareotLS  mud  was  derived  from  the  disintegration  of  the 
forms  whose  traces  still  remain. 

Besides  the  fragments  of  organisms  still  visibly  present  there 
were  probably  many  others  whose  calcareous  envelope  was  built 
up  of  the  less  stable  form  of  calcium  carbonate,  viz.,  arragonite^ 
and  the  decay  of  such  must  have  added  to  the  proportion  of  fine 
mud.    Thus  the  zone  of  M,  cortestudinarivm  is  specially  marked  in 
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the  southern  counties  by  the  presence  of  numerous  fragments  of 
Bryozoa,  yet  we  have  been  unable  to  recognise  in  the  amorphous 
matrix  any  particles  which  could  be  definitely  traced  as  originating 
from  their  decay.  M.  Cayeux*  remarks  on  the  part  played  by 
Bryozoa  in  the  formation  of  the  Chalk.  He  considers  the 
arragonite,  which  enters  largely  into  their  composition,  probably 
accounts  for  the  breaking  up  of  these  organisms  into  unrecognis- 
able atoms. 

In  the  Chalk  Rock  also  there  were  many  Gasteropods,  the 
shell  of  which  has  entirely  disappeared,  leaving  only  an  internal 
cast,  but  in  higher  n»ieB  we  do  not  find  even  casts  (except  of 
Pleurot(ymaria)  till  we  reach  the  rone  of  Otirmi  hmaia. 

The  variety  in  the  fragments  of  calcareous  organisms  in  the 
Chalk  Bock  has  already  been  alluded  to ;  the  chalk  of  the  zone 
of  M.  cortestudinarium  also  contains  a  large  proportion  of  particles 
of  sufficient  size  to  be  recognised  in  thin  sections  as  prisms  of 
Inoceramxis,  fragments  of  Echinoderms,  and  pieces  of  Bryozoa. 
In  the  three  succeeding  zones  recognisable  calcareous  particles 
are  less  numerous,  and  at  least  two-thirds  of  the  chalk  consists 
of  the  amorphoTis  matter,  which  has  been  more  particularly 
described  in  Volume  11.  p.  290. 

Prisms  of  Inoceramus  which,  as  far  as  the  summit  of  the  zone 
of  M.  cortestudinarium,  were  common  amongst  the  coarse  par- 
ticles, become  less  numerous,  and  the  shell-fragments  which  occur 
in  the  higher  zones  are  chiefly  thin  flat  pieces  (sometimes 
with  a  slight  concavity) ;  most  of  these  are  plain,  and  may  be 
derived  from  Ostrea  or  Plicatula,  which  are  not  uncommon 
fossils.  Others  which  are  often  ribbed  are  probably  derived 
from  Pecten,  and  occasionally  fragments  of  Rhynchonella  or 
Terebratvla  can  be  recognised.  Plates  and  ossicles  of  Echinoderms 
occur  sparingly. 

The  chalk  of  the  zone  of  Bel.  mucroTuita  contains,  on  the  whole, 
a  rather  larger  percentage  of  shelly  fragments ;  they  are  practi- 
cally the  same  as  those  in  the  zones  below.  This  increase  of 
shell-fragments  is  still  more  marked  in  the  zone  of  0.  lunata. 

Although  it  is  easy  to  separate  a  number  of  Foraminifera  from 
any  specimen  of  fairly  soft  chalk,  thin  sections  show  that  fully 
grown  tests,  sufficiently  perfect  for  recognition,  form  a  com- 
paratively small  part  of  the  deposit,  and  no  chalk  which  we  have 
seen  will  compare  in  the  mere  number  of  its  Foraminifera  with  the 
specimens  of  true  Gldbigerina  ooze.  Judging  from  thin  sections 
of  the  Upper  Chalk,  minute  Textularian  and  nautiloid  forms  are 
the  most  prominent,  but  by  far  the  larger  number,  which  in  a 
thin  section  one  refers  to  Foraminifera,  are  simple  cells  or  spheres, 

'Contribution  a  TEtude  Micrographique  des  Terrains  Sedimentaires, 
p.  445. 
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and  it  is  only  in  the.  two  lowest  zones  of  the  Upper  Chalk  that 
these,  with  the  fully-grown  and  more  perfect  forms,  are  an  im- 
portant ingredient  of  the  chalk.  In  one  specimen  only  are 
Foraminifera,  other  than  cells  or  spheres,  sufficiently  abundant 
to  merit  special  notice;  this  is  the  chalk  of  Norwich,  of  which 
they  may  be  estimated  to  form  about  35  per  cent,  of  the  rock. 

The  general  facies  of  the  foraminiferal  fauna  exhibits  a  certain 
amount  of  change  even  in  the  zone  of  H.  'planus.  Forms  which 
persistently  occur  in  the  Lower  and  Middle  Chalk  become  rare, 
and  some  of  them  either  do  not  occur  at  all  or  are  only  met  with 
occasionally  in  the  lower  zones  ;  while  in  the  higher  zones  the 
change  is  still  more  marked. 

Thus  the  Globigerince,  though  fairly  numei*ous  in  the  zone  of 
H,  planus,  are  scarce  in  all  the  higher  zones,  and  it  is  only  with 
difficulty  that  any  specimen  of  this  genus  is  found  in  washings, 
while  such  as  come  to  hand  are  as  a  rule  puny  examples.  M. 
Cayeux*  remarks  that  Globigerinue  are  quite  a  secondary  and  some- 
times an  almost  negligable  quantity  in  the  formation  of  the  Chalk. 

The  species  peculiarly  characteristic  of  the  Upper  Chalk  is  Pulvi- 
nulina  michdiniana,  and  as  far  as  our  researches  go,  it  is  confined 
to*  the  Upper  Chalk,  where  it  is  one  of  the  commonest  species. 
Another  abundant  form  is  Truncatulina  ungeriana ;  this  species 
is  recorded  from  several  zones  in  the  Lower  and  Middle  Chalk,  but 
is  comparatively  rare.  A  third  form  equally  conspicuous  is  Rotalia 
exsculpta ;  it  comes  in  at  the  upper  part  of  the  zone  of  Micr. 
coranguinum,  and  thenceforward  is  abundant.  The  ubiquitous 
Anomalina  ammonoides  is  also  an  extremely  common  form 
through  the  whole  of  the  Upper  Chalk ;  Rotalia  Soldani  or 
its  variety  nitida  occurs  persistently  in  every  specimen. 

The  individual  specimens  are  frequently  very  fine  and  robust, 

though  whenever  one  is  seen  in  thin  sections  the  shell  seems  weak 
and  thin.  Those  which  are  so  well  preserved  exteriorly  are  usually 
filled  with  the  amorphous  material  of  the  Chalk  in  a  semi-crystalline 
and  hard  condition,  or  with  calcitic  crystals,  or  the  cell  walls  are 
strengthened  by  the  deposition  of  calcite. 

"  Spheres  "  are  most  abundant  in  the  zone  of  Holaster  planus, 
and  form  at  this  horizon  an  important  constituent  of  the  Chalk ; 
above  this  zone  the  number  present  in  different  samples  varies, 
especially  in  the  zone  of  M .cortestudinarium ;  3till  higher  up  they 
decrease,  and  though  present  in  most  examples  of  the  Upper  Chalk 
are  never  a  conspicuous  feature  in  thin  sections. 

The  following  list  of  Foraminifera  has  been  compiled  from 
those  with  which  Mr.  Chapman  has  supplied  us,  and  from  ,the 
lists  in  his  published  papers. 

*  Contribution  k  TEtude  Micrographique  des  Terrains  SMiroeutaires^ 
p.  455. 
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Nubecularia  jonMJana,  Chapni. 

„           novoroaatca,  Karrer  ait 

Sirnow       '        - 
,,           tibia,  Parhr  &  Jones 
Spiniloculina  limbate,  d'Orb.     - 
Miliolina  agglutinans,  d'Orb.     - 
„        oblonga,  Montf.  -        ■ 
„       aeminulum,  L.     -       ■ 
,,        trigonulft,  Lam.    - 
„        veauata,  Karrer  - 
UhizammiDa  indivisa,  Brady     - 
aleteformis,  Brady 
„          sp,  -       ■       -       - 
Eoophax  ep.  nov.  (1)  - 

„      sp.  no^'.  (2)  1       - 
Uaplophragmium  agglntinatiB,  d'Orb 
„             glumeratum,  Broi 
„              irregulare,  Roemer 
„              ovatuEQ,  Hag. 

sp.    QOV.    ClV 

Bp.  nov.  (2)1imnut 
Lituola  ovata,  Marssan     - 
AmmodiacuB  charoidea,  P.  and  J, 
„           Mntrituga,  Brady 
„            incertus,  Brady     - 
Testularia  ancepa,  Reass.  - 

agglutinans,  d'Orb     - 
,.         coriira.d'Orfi.     ■        - 

concava,  Karrer 
„         decurrena,  V/tapm.   - 
„         globuloaa,  Mr.  - 

„  var.  striata,  Ehr.  ■ 

„         quadrilat«ra,  Sckvi.  - 
„         sagiltula,  Defr. 
„         aerrata,  Chapm. 
„         tuTTte,  d'Orb.      - 

trochuB,  dOrb.  -       - 

„          spiiiuloao.  Eemt  - 
triquelra,  Mueml. 
Tritaiia  foieolata,  Martaon 
„       miniiia,  Mariion 
„       pyramidata,  Beuss 
.,       tricarinata,  ReuM 
„      ap.noy. 
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Spiroplecta  annectens.  P.  and  J. 
„         anceps,  Reutt    - 
„         biformis,  P.  onrf  J.  - 
Oaudryina  crasga,  Marwrn 
„         filifornm,  flertA. 
„         jonesiana,  WrtglU    ■ 

pupoides,  d'Orb. 
„         rugosa.    d'Orb. 
Bulltoina  affinis.  d'Orb. 
brevis.  d'Orb. 
„        elegana.  Brad;/ 

„      var.  eiilis,  Brady 
„         miirchiBoniana,  d'Orb. 

new  var.  - 
.,         obtusa,  d'Orb. 
ovata,  d'Orb. 
„         obliqua,  d'Orb.  - 
orbigoiana,  Reutt 
„         Orbigiiyi,  Beust 
pTipoidea,  d'Orb. 
Presli.  Jiewtt      -        ■ 
„          polystropha,  Remt: 
„         rimosa,  Marsson 
„         aiibapha;rica,  Reu3S    ■ 
„         trigona,  Chapm- 
variabilis,   d'Orb. 

Virgulina  acbreiberaiana,  Cijzer. 
„          subflquamosa,  Egger 
Bolivina  dilatata,  Eeuts    - 
„        decorata,  Jona 
„        sp.  nov.  {near  decorata)    - 
nobilL),  Hantken         -       - 
.,        obsoleta,  EUy     -       -       - 
punctata,  d'Orb. 
ep.  now.  (near  punctata)  - 
Btrigillata,  Chapm.    -       • 
„        tostilarioidea,    Rents  - 
PlciirostomcHa  alternans,  Schw. 

Lagena  acuticoeta,    RetM 
„      globoaa,   Montf.    - 
„      gracUis,  Will.        - 
..      etriato-punctata,  P.  aiid  J.  • 
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Lagena  sulcata.  Walker  and  Jacob  - 
„      etriata,   Walkrr  arul  Bot/i    - 

Nodosaria  aculeata,  d'Orb. 

consobrina,  d'Orb.     ■ 
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„         farcimen,   Seia* 
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(D.)    pauperata,  d'Orb.     - 
„         paupercula,  Jteuu     - 
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„            solea,    Maruon 
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gulum,  RevM    • 

debilia.  Berth. 
Harginulina  elongata,  d'Orb,    - 
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Vftginulina  legumen,  Linn.      ■ 

recta,  Reuu  • 
Cristetlaria  acutauricukria,  F.  d:  M. 
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cultrata,  Montf.     ■ 
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CViatelhria  cymbcndes,  d'Orb. 

„  gaultioa,  Bertii.. 

„  gaudryana,  d'Orb. 

„  gemmata,  BTody 

„  gibba,  d'Orb.    - 

„  oavicula,  d'Orb. 

„  planiuscuk,    lieais 

„  rotulata,  Lam. 

„  Iriangularifl,  d'Orb. 

„  tricorinella.  Reus*    - 


Fbbeiliiia  baudouiniana,  d'Orb. 
„         cordata,  Rem*  - 
ornata,  Seitsg    - 
„        pulchra,  d'Orb. 
„         rugosa,  d'Ori.    - 
Polymorphioa  acuminata,  <l'Or&. 
„  commuiUfl,  d'Orb. 

„  fuaiformis,  Roemer 

„  gibba,  d'Orb. 

lactea,  W.&J.   - 

„  rotundata,  Born. 

„  sororia,  Reatt     - 

Uvigerina  canarienais,  d'Urb.     - 

RainuliDa  aculeata,  d'Orb. 

„         globulifera,  Brady    - 
„         lievis,  Jtmei 
Globigeriiia  jequilateralia,  Brady 
„  builoideg,  d'Orb.     - 

„  cretacea,  d'Orb. 

„  lioDi^iia,  d'Orb.    - 

„  marginata,  R^um   - 

Discorbina  globuJaris,  d'Orb.     ■ 
„  Bertbeloti,  d'Orb.    - 


Planocbulina  clomentiaoa,  d'Orb. 

„  loroeiaaa,  d'Orb. 

Pullenia  sphjeroides,  d'Orb. 
„        quiaquelotxi,  ReuM 
TruQcatoUna  culter,  P.&J.     - 
lobatula,  W.  A  J. 

„     (Marsson'a  type) 
refulgens,  Montf. 
nogeriana,  d'Orb. 
„  variabilis,   d'Orb. 

Aaomaliaa  ammonoidee,  Reuti        ■  I 
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„          complanata,  if«UM  - 
„          grosserugosa,  GUmhel      - 
„          lorneiona,  d'Orb.     - 
rotula,  d'Orb.  - 
Pulvinulina  elegans,  d'Orb. 
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CHAPTEB  XXin. 


CHEMICAL  COMPOSITION  OF  THE  UPPER  CHALK. 


A.  The  Chalk-Rock. 


A  sample  of  Chalk-Rock  from  near  Aston  Rowant  in  Oxfordshire 
was  sent  to  Professor  J.  B.  Hairison,  the  Government  Chemist 
of  British  Guiana,  who  had  kindly  consented  to  make  complete 
analyses  of  this  and  other  samples  of  Chalk  (see  Vol.  H.  pp.  333 
and  527).  The  result  communicated  by  Professor  Harrison  was 
as  follows  :— 


Organic  matter,  etc.  - 
Quartz  -  -  - 
Colloid   silica 

Combined   silica 
Iron  peroxide  - 
Alumina  - 


1*^ 

'^Ti]  Manganese   oxide 
GQ  g     Magnesia 

^.  Potash 
Calcium   sulphate 
Calcium  carbonate    - 
Magnesium   carbonate 


•40 
•10 
•48 
1-54 
•40 
•89 
•27 
•52 
•23 
•31 
94^  94 
•25 

100-33 


Traces  of  phosphoric  acid  and  of  soda  were  found. 

Summarising  the  above  results,  they  may  be  rorstated  as 
follows  in  the  column  (A),  a  second  analysis  of  a  Chalk  Rock 
without  glauoonite  (B)  from  Redbourn  Hill,  near  Urchfont 
(Wilts)  being  added  for  comparison.  This  was  analysed  at  the 
same  time  but  less  completely. 


Calcium  carbonate 

Magnesium  carbonate 

Calcium  sulphate 

Silicates 

Colloid  silica 

Quartz 

Organic  matter    - 


98-35 


CHEMICAL  coMPCMsrnoy. 


355 


An  analysis  of  Chalk-Rock  from  Boxmoor,  Hertfordshire,  was 

made  by  Mr.  P.  G.  Sanford,  F.C.S.,  and  published  in  the  London 

Geological  Field  Class  Report  of  Exclusions   during  1888  (1889, 

page  19).    The  specimen  was  dried  at  100  deg.  C,  and  gave  : — 

Insoluble  residue,  sand,  silica,  eta                   -       -       -  1  *  003 

Soluble  silica -128 

Lime -  54*900 

Magnesia -                -  "374 

Iron  and  Alumina  (FejOj+AljOj) "347 

Sulphuric  acid  -       -                        •        •               -        -  '465 

Phosphoric   acid      -       -        .               ....  »*jiz 

Carbonic  acid   -       -       - 42-101 

100-031 

This  analysis  appears  to  have  been  carefully  made,  but  Mr. 
Sanford  gives  the  total  amount  of  calcium  carbonate  as  97*001, 
with  •  785  of  magnesium  carbonate  ;  this,  however,  must  be  on 
the  assumption  that  the  phosphoric  and  sulphuric  acids  are  not 
combined  with  lime.  On  the  much  more  probable  assumption 
that  they  are  so  combined,  the  following  composition  of  the  sample 
has  been  calculated  by  my  friend  Professor  J.  B.  Harrison,  F.G.S., 

F.O.S.  I — 

Insoluble  reaidue     -       -       .        .....  i'003 

Soluble  silica '128 

Calcium  carbonate 94*750 

Calcium  sulphate •  732 

Calcium  phosphate 1*554 

Calcium  oxide •  732 

Magnesium  carbonate     -. '785 

Peroxides  of  iron  and  alumina '347 

100-031 

Two  analyses  of  the  Chalk  Kock  of  Cambridgeshire  were  made 
for  the  Geological  Survey  in  1880  by  Dr.  Frankland,  F.R.S.,  and 
were  published  in  the  Memoir  on  the  Geology  of  the  Neighbour- 
hood of  Cambridge  (1881).  The  samples  were  obtained  from  near 
Newmarket,  the  precise  localities  not  being  recorded  in  that 
memoir,  but,  if  my  recollection  i^  correct,  one  of  them  came  from 
WesUey  Watei-less  and  the  other  from  the  pit  at  Stetchworth. 
The  analyses  are  as  follow  :— 


Moisture  at   100  deg.  F. 
Organic  matter     • 
Sexquiozide  of  iron     - 
Alumina        -        -       - 
Calcium   carbonate 
Magnesium    carbonate 
Phosphoric    anhydride 


6821 
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How  the  amount  of  calcium  carbonate  in  these  analyses  was 
calculated  we  do  not  know,  but  there  can  be  little  doubt  that  a 
small,  quantity  of  the  lime  was  combined  with  the  phosphoric 
anhydride  in  the  form  of  phosphate  of  lime. 


B.  The  WnriE  Chalks. 

Many  analyses  have  been  made  of  the  Upper  Chalk,  including 
samples  from  many  different  horizons  and  localities ;  they  show 
it  to  be  a  remarkably  pure  calcareous  deposit  varying  very  Uttle 
in  composition,  and  almost  alwajrs  containing  from  97J^  to  99  per 
cent,  of  calcium  carbonate.  The  amount  of  insoluble  siliceous 
matter  is  seldom  over  1  per  cent.,  and  the  amount  of  soluble  silica 
is  always  very  small,  both  in  the  zones  which  contain  many  flints 
and  in  those  which  contain  but  few  flints.  There  is,  in  fact,  no 
inverse  relation  between  the  abundance  of  flints  and  the  quantity 
of  silica  disseminated  through  the  chalk.*  This  point  is  well 
brought  out  by  two  analyses  which  Professor  J.  B.  Harrison  was 
good  enough  to  have  made  for  me  in  the  laboratory  at  Georgetown, 
British  Guiana,  by  the  method  he  has  devised  for  separating  the 
different  siliceous  ingredients  of  such  rocks.f  The  results  were  as 
below.  No.  1  being  a  sample  of  chalk  with  many  flints  from  Great 
Durnford,  north  of  Salisbury,  and  No.  2  being  from  the  chalk 
of  Bishops  Down,  Salisbury  (Mcursupites  zone  with  few  flints)  : — 


Moistiu^ 

Quartz 

Clay       ------       - 

Colloid    silica        -       .       .       - 
Carbonates  of  Bme  and  magnesia 


100-00 


So  far  as  these  two  analyses  go,  it  would  appear  that  the  chalk 
which  has  most  flints  has  also  most  disseminated  silica,  both 
soluble  and  insoluble. 

Prof.  Ch.  Barrois  has  published  three  analyses  of  chalk  samples 
from  the  zones  of  Act,  quadratus  and  of  Bd.  mucnmata  in  the 
south  of  England.}     The  analyses  were  made  by  M.  Duvillier  in 

^ 

*  See  Geol.  Mag.,  Dec.  III.,  Vd.  x.  p.  641  (1893). 
t  See  Quart  Joum  GeoL  Soc.,  Vol.  xlviii.  p.  182  (1082). 
t  Recerches  sor  le  Terr.  Cr^  Snp.,  1870,  pp.  42  and  100, 
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the  laboratory  of  the  Faculty  des  Sciences  at  lille,  and  are  as 
follows : — 


Clay     .... 
Soluble   silica 
Oxide  of  iron     - 
Phosphate  of  lime 
Carbonate  of  lime     - 
Carbonate  of  magnesia 


•70 
•10 
•08 
•08 
08-85 
•16 


99-96 


•38 
•11 
•54 
•18 
97-99 
•62 


99^82 


•4i 
•10 
•28 
•26 
98^17 
•74 


No.  1  is  from  a  quarry  in  the  zoneofAc^^i/odra^tuf  near  Otter- 
bourn  Hampshire. 

No.  2  is  from  the  zone  of  Bd.  mucronata  at  Studland,  Dorset. 

No.  3  is  from  the  indurated  beds  of  the  Bd.  miuyroTuUa  zone  at 
Corfe  Castle,  Doi-seU 

Four  analyses  of  chalk  from  the  East  Quarry  on  Ashey  Down, 
in  the  Isle  of  Wight,  are  given  in  the  Geological  Survey  Memoir 
on  that  island  (Second  Edition,  page  255^.  Three  of  these  are 
quoted  below. 

No.  1  was  made  at  Tennant's  Works,  Manchester,  in  1874. 

No.  2  was  made  by  Dr.  Voelcker  in  1875. 

No.  3  was  made  by  Mr.  Pattison,  of  Newcastle-on-Tyne. 


Carbonate  of  lime 
Sulphate   of   lime 
Magnesia     -       -        -       - 
Alumina  and  oxide  of  iron  -    | 
Silica  -  -       - 

MoUturc      -       .        .        - 


98-53 


•44 
•17 
•31 


99^45 


98-04 

•07 

•21 

1^28 

•39 


100-00 


98^01 
•06 
•94 
•60 
•40 
•20 


100^ 21 


Two  careful  anal}rses  of  Upper  Chalk  were  made  by  Professor 
J.  T.  Way,  and  published  in  1851;*  the  first  is  described  as  "  Upper 
Soft  White  Chalk  "  from  near  Crondell  Church  (near  Farnham), 
and  the  second  as  "  Upper  Chalk  from  a  pit  about  half  a  mile 
north  of  the  preceding."  They  are  tabulated  below,  together  with  a 
thii'd  analysis  made  by  Mr.  Grant- Wilson,  of  the  Geological  Survey 
of  Scotland,  of  a  sample  of  chalk  enclosed  in  one  of  the 
irregular  flint-layers  in  the  Upper  Chalk  of  Ormsby,  Lincolnshire 
(see  page  272). 

*  Joum.  Rqsr.  Aicric  Soc,  vol.  xii.,  p.  545.  etc. 
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Water 

Sand  and  siliceous  matter,  insoluble  in  acids 

Carbonic  acid 

Sulphuric  acid 

Phosphoric  acid 

Lime 

Magnesia 

Potash 

Soda 

Oxide  (rf  iron  and  Alumina  -       -       -       - 


1 

2 

1^46 

•87 

42-48 

42-67 

none 

•09 

•04 

•08 

66^72 

66-18 

•06 

•30 

•17 

•22 

•02 

•21 

1-06 

•40 

100^00 

99^92 

•75 

1-37 

42^  35 

•06 

53*91 
•18 


•43 


99^  04 


If  the  amount  of  carbonate  of  lime  in  these  chalks  is  calculated 
from  the  ascertained  amounts  of  carbonic  acid  in  each  they  have 
only  between  96  and  97  per  cent.,  and  the  first  one  seems  to  have 
ja  slight  excess  of  lime,  possibly  present  as  a  silicate. 

The  following  are  analyses  of  thi-ee  pure  white  chalks  :— 

No.  1.  Being  a  sample  from  Shoreham,  Sussex  ;  probably  zone 
of  Actinocamax  quadratusy  analysed  by  Professor  D.  Forbes  (see 
Quart.  Journ.  Greol.  Soc.,  Vol.  xxvii.  p.  49). 

No.  2.  A  sample  from  Driffield,  Yorkshire  {MarsupUes  zone), 
analysed  by  Mr.  Th.  Hodgson,  of  Bradford  (see  Quart.  Joum. 
Geol.  Soc.,  Vol.  xxxi.  p.  112;.  I  have  recalculated  this,  as  the 
original  analysis  shows  5*20  per  cent,  of  moisture. 

No.  3.  A  sample  from  the  large  quarry  at  Cliff e,  in  Kent  (pos- 
sibly in  the  zone  of  Act.  quadratus).  This  analysis  was  published 
by  Mr.  Whitaker  in  Vol.  iv.  of  the  Greological  Survey  Memoirs,  p.  15. 


1 

2 

3 

Carbonate  of  lime 

Carbonate  of   Magnesia     .       -       -       - 

Sulphate  of  lime 

Oxide  of  iron  and  alumina  -       -       -       - 
Silica 

98-40 
•08 

•42 
110 

98-41 
•16 

•22 
121 

98-62 

•29 

•14 

•40 

66 

10000 

100-00 

100-00 

The  following  is  an  analysis  of  one  of  the  seams  of  grey  marly 
clay  which  occur  in  the  Upper  Chalk  of  Driffield,  in  Yorkshire. 
This  sample  was  taken  from  a  well  dug  in  Driffield  in  1873 ;  it 
was  analysed  by  Mr.  Thomas  Hodgson,  of  TJndercliflfe,  Bradford, 
and  published  in  a  paper  by  Mr.  R.  Mortimer  (Quart.  Joum.  Geol. 
Soc,  Vol.  xxxi.  p.  114).  The  first  column  gives  the  analysis  as 
published,  but  as  over  12  per  cent,  of  moisture  was  left  in  the 
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flample  before  analysis,  I  have  recalculated  the  composition  which 
the  material  would  have  if  the  moisture  had  been  driven  off; 
this  is  given  in  the  second  column. 


Moisture 

Organic  matter  and  combined  water  - 
Carbonate  of  lime  -  -  -  - 
Carbonate  of  magnesia  -  -  . 
Oxide  of  iron      -       .       .       -       - 

Alumina 

Alkaline  salts  .       .       .       . 

Silica     -       •  -       -        -       . 


12-15 

1-67 

33-40 

•60 

706 

10-23 

•20 

34-80 


100-00 


1-90 

38-02 

•66 

8-02 

11-63 

'22 

39-60 


99*96 


An  analysis  of  the  sandy  bed  in  the  chalk  bbiff  at  Trimingham, 
N^orfolk  (see  p.  262 j,  was  made  for  me  by  my  colleague,  Mr.  Grant- 
Wilson,  in  1885,  with  the  following  result  :— 

Carbonic  acid 42-04 

Sulphuric  acid    ---- '36 

Lime 61-99 

Magnesia '61 

Alumina "39 

Protoxide  of  iron     - '77 

Residue  insoluble  in  HCL 2*86 


99-02 


In  this  analysis  the  amount  of  lime  and  magnesia  found  is 
not  quite  sufficient  to  combine  with  the  whole  of  the  carbonic 
acid.    The  iron  may  be  in  the  state  of  a  sulphida 

Partial  analyses  of  many  samples  of  Upper  Chalk  have  been 
made  by  Mr.  W.  Hill,  and  have  been  given  in  tabular  form  in 
Chap.  XXII. 

C.   Flints. 

A  flint  is  not  generally  a  concretion  of  similar  aspect  and  com- 
position throughout  its  mass.  It  is  true  that  in  some  parts  of  the 
Chalk  there  are  flints  which  consist  of  solid,  translucent  chalce- 
donic  silica  from  the  centre  to  the  circumference,  but  as  a  rule 
there  is  an  outer  crust  or  rind  of  varying  thickness,  which  is  gen- 
erally white  and  opaque,  but  is  sometimes  stained  yellow  or  pink 
on  the  outside. 

This  white  crust  varies  much  in  its  degree  of  hardness ;  some- 
times it  is  as  dense  and  hard  as  the  interior  of  the  flint ;  sometimes 
it  is  comparatively  soft  and  granular  or  loosely  coherent,  so  that 
much  of  it  can  be  broken  away  from  the  outside  of  the  nodule ; 
in  other  cases  it  is  composed  of  two  or  three  layers,  one  of  which 
is  often  more  chalcedonic  than  the  others. 
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The  white  crust  also  varies  much  in  thickness,  from  a  mere  thin 
rind  or  cortex  about  an  eighth  of  an  inch  thick  to  a  thick  encrust- 
ing envelope  from  half  to  three-quarters  of  an  inch  thick,  according 
to  the  size  of  the  flinty  nodule.  Occasionally,  moreover,  nodules 
are  found  which  consist  almost  entirely  of  such  white  material, 
with  only  a  small  nucleus  of  translucent  flint  in  the  centre. 

The  varying  density  of  this  white  portion  of  a  flint  nodule 
appears  to  depend  on  the  amount  of  silicification  which  it  has  imder- 
gone.  In  some  of  them  there  is  a  good  deal  of  chalk,  and  I  think 
this  is  generally  the  case  with  the  softer  varieties,  but  more 
experiments  are  needed  to  confirm  this  supposition.  So  far  as  I 
know,  only  one  complete  analysis  of  the  outer  crust  of  a  flint  has 
yet  been  made,  and  this  was  the  crust  of  a  flint  from  the  Chalk 
of  Lincolnshire,  taken  from  a  pit  near  Cadeby  House,  north  of 
Louth.  The  analysis  was  made  by  Mr.  M.  Staniland,*  and  is  as 
follows  :— 

AncUysii  of  the  Crust  of  a  flint  from  Cadeby,  Lines. 

Insduble  portion : 

Silica 45-12 

Alumina  (bv  difference) '76 

Peroxide  of  iron '67 

Lime   -       -       • trace    — 46*55 

Sduble  portion : 

Moisture 1*06 

Carbonic  acid 22*65 

Lime 27*88 

Peroxide  of  iron        - 1*73 

Alumina  and  Magnesia traces 53*32 


99*87 


It  should  be  mentioned,  however,  that  Mr.  Staniland,  finding 
there  were  visible  pieces  of  chalcedonic  silica  scattered  through  the 
material}  sifted  these  out  after  gently  crushing  the  whole,  and  his 
analysis  is  that  of  the  residue  after  the  separation  of  the  greater  part 
of  the  pure  silica.  Consequently,  the  real  proportion  of  the  £ulica 
to  lime  in  the  sample  was  not  ascertained,  but  must  have  been 
very  much  greater  than  is  shown  by  the  analysis  of  the  residue. 
In  this  residue  it  appears  to  be  about  44  to  50,  but  in  the  bulk  of 
the  sample  it  is  more  likely  to  have  been  as  60  to  30. 

All,  therefore,  that  we  can  infer  from  this  analysis  is  that  there 
was  a  considerable  amount  of  calcium  carbonate  (chalk)  present 
in  the  flint-crust ;  but  in  the  case  of  another  flint-crust  tested  for 
me  by  Professor  J .  B.  Harrison,  only  *253  of  lime  was  found, 
this  sample  consisting  almost  entirely  of  pure  silica. 

*  S*^  Geology  of  East  Lincolnshire,  Mem.  Qeol.  Survey,  1887,  p.  40. 
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CHAPTER  XXrV. 

BATHYMETRICAL  CONDITIONS    DURING   THE 
FORMATION   OF  UPPER  CHALK. 

In  the  British  Isles  there  is  small  evidence  on  which  to  base 
any  conception  of  the  actual  geography  of  the  region  d\iring  the 
formation  of  the  Upper  Chalk,  and  we  shall  not  attempt  any  such 
restoration.  There  are,  however,  several  lines  of  evidence  which 
afford  concurrent  testimony  for  the  conclusion  that  the  period 
was  ushered  in  by  a  movement  of  elevation,  followed  by  a  pro- 
longed movement  of  subsidence  ;  while  in  the  highest  beds  there 
is  some  evidence  of  that  final  upheaval  which  brought  the 
Cretaceous  period  to  a  close. 

1.    Elevatioii. 

The  chief  facts  presented  by  the  Chalk-Rock  beds  which  indicate 
a  general  upheaval  of  the  British  area  were  noticed  by  me  in  1892.* 
They  are  the  reappearance  of  Gasteropoda,  the  recurrence  of 
glauconite  grains  in  considerable  quantity,  and  the  existence  of 
phosphatio  nodules.  Referring  to  these  facts,  I  remarked,  "  This 
sudden  recurrence  of  peculiarities  which  characterise  the  Chalk 
Marl  and  Totternhoe  Stone,  associated  with  a  fauna  of  similar 
character,  compels  us  to  conclude  that  the  sea  had  again  become 
shallower  by  the  rise  of  a  part  of  its  floor."  In  1894  Dr.  W.  F. 
Hume  reviewed  the  same  facts  and  came  to  the  same  conclusion.! 

Since  these  dates  some  further  evidence  of  upheaval  and  its 
results  has  been  obtained,  and  in  marshalling  the  facts  for  the 
present  statement  of  the  case  it  will  be  convenient  to  group  them 
under  three  heads— (1)  the  stratigraphical  facts,  (2)  the  litho- 
logical  evidence,  and  (3)  the  zoological  evidence. 

Stratigraphical  Evidence.—The  principal  evidence  of  this  nature 
is  found  in  Ireland  and  in  France.  In  Ireland  there  is  nothing 
which  can  properly  be  regarded  as  equivalent  to  the  zone  of  Holaster 
ylanus.  The  base  of  the  Upper  Chalk  in  Antrim  appears  to  con- 
sist of  sandy  glauconitic  limestones,  containing  Echinocorys  scu- 
tatuSy  Spondylua  spinosus,  Terebratula  carTiea,  Rhynchonella 
limbatay  and  some  other  fossUs ;  but  these  do  not  include  Holaster 
planus. 

*  Building  of  the  British  Isles,  Second  Edition,  p.  264. 
t   Proc.  Qeol.  Assoc.,  Vol.  xiii.  p.  234. 
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By  Professor  Barrois  these  sandy  beds  were  regarded  as  a  con- 
densed equivalent  of  the  zones  of  Terebratvlina  ffracUis  and 
Holaster  planus,  but  the  evidence  for  this  is  weak.  Dr.  Hume  is 
doubtful  whether  any  part  of  the  Irish  series  represents  the  English 
zones  of  Rhynch.  Cuvieri  and  Terebratvlina,  *  He  admits  a  break 
and  unconformity  in  some  places  between  the  sandy  limestones 
and  the  yellow  (Cenomanian)  sandstone  below,  but  he  discovered 
casts  of  aMtoras^,which  he  identified  asM.breviporasm  theformer, 
and  he  remarks  upon  the  resemblance  which  some  of  the  Irish 
fossils  bear  to  those  of  the  English  Chalk  Rock.  This  resemblance, 
however,  seems  to  be  more  general  than  particular.  Micr.  brem- 
porus,  if  correctly  identified,  is  doubtless  a  low  zonal  species,  but 
the  other  two  mentioned  (Spondyhis  spinoaus  and  Ostrea  semi- 
plana)  are  just  as  abundant  in  the  higher  zones  as  in  the  lower. 
Professor  Barrois  recorded  Echinocorvus  subrotimdus  from  these 
beds,  but  Dr.  Hume  foimd  only  Ech,  conicus,  which  is  not  common 
in  England  below  the  M.  coranguinv/m  zone.  The  same  may  be 
said  of  Rhynchondla  limbata. 

Having  regard  to  the  physical  break  and  to  the  small  thickness 
of  the  Chloritic  Chalk  which  separates  the  sandy  beds  from  the 
White  Chalk  of  the  Marsupites  zone,  I  am  inclined  to  take  the  view 
that  not  only  the  zone  of  Holaster  planus,  but  also  the  whole  or 
greater  part  of  the  M,  cortestudinariAmi  zone,  is  absent  in  Ireland. 
It  seems  to  me  very  probable  that  the  Inocerarwus  beds,  with  the 
Rhynchondla  band  at  their  base,  correspond  to  the  lower  part  of 
our  M.  coranguinum  zone,  the  presence  of  species  of  Catopygus 
and  Pseudodiadema  being  due  to  the  shallowness  of  the  water  and 
the  neighbourhood  of  land,  f 

Turning  now  to  France,  and  glancing  first  at  Touraine  (see 
p.  299),  we  find  there  a  complete  succession  through  the 
Turonian  and  Lower  Senonian,  the  component  members  of  which 
M.  de  Grossouvre  has  recently  been  able  to  correlate  with  the 
normil  succession  in  Normandy.  It  is  evident  from  his  des- 
cription that  the  beds  which  there  represent  the  zones  of  Tere- 
bratvlina. Holaster  planus,  and  Micraster  cortestudinarium 
are  all  of  a  compai'atively  shallow  water  character,  while  the 
overlying  zones  show  a  gradual  passage  through  glauconitic  marls 
and  nodular  chalk  into  a  siliceous  chalk  with  many  flints.  Near 
Tours  the  lower  beds  consist  of  glauconitic  marls  and  hard  sandy 
Umestones,  containing  many  Bryozoa  and  Oysters,  the  highest  of 
the  hard  !)eds  exhibiting  an  irregular  eroded  surface,  often  covered 
with  green  matter.  On  this  rests  a  white  chalk,  rather  hard  and 
rough,  but  forming  such  a  contrast  to  the  beds  below  that  the  line 

*  Quart.  Journ.  Geol.  See.  Vol.  liii.  p.  696  and  table  opp.  p.  668. 

t  Catopygus  elongatuSj  Desor,  occurs  not  unfrequently  with  Micraster 
turonensis  in  the  middle  part  of  the  crate  de  Villedieu  in  Touraine,  which 
is  regarded  by  M.  de  Qrossouvre  as  equivalent  to  the  lower  part  of  the 
M,  coranguinum  zone.  See  Bull.  Soc.  Qeol.  France,  Serr.  3,  Tom.  xvii. 
p.  506  (1889.) 
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of  contact  can  easily  be  followed  in  the  slopes  of  the  railway 
cuttings  as  the  traveller  passes  by  train  between  Chenonceauz 
and  Bl^r^la-Croix.  This  chalk  is  believed  to  belong  either  to 
the  zone  of  Marsupitea  or  to  that  of  Act,  quadratua. 

Again  in  the  Cotentin,  (Normandy)  there  is  the  remarkable 
outUer  where  a  limestone  containing  Bdemnitdla  mucronata 
rests  upon  sands  which  may  be  of  Cenomanian  or  Lower 
Turonian  age,  with  an  entire  absence  of  anything  to  represent 
the  Upper  Turonian  or  Lower  Senonian. 

Li  the  north-east  of  France  there  is  no  such  great  break,  but  in 
the  neighbourhood  of  Lille,  Valenciennes,  and  Solesmes  the  zones 
of  Holaster  planus  and  Micraster  cortestudinarium  are  reduced 
to  a  small  thickness  (see  p.  291),  the  zone  ofH,  planus  near  Lille 
being  only  represented  by  a  glauconitic  limestone  which  varies 
in  thickness  from  6  to  13  feet. 

If  at  this  epoch  of  the  zone  of  Hoi.  planus  subsidence  was  arrested 
and  a  reverse  movement  of  elevation  took  place,  some  important 
physical  changes  must  have  been  produced,  and  the  set  and  strength 
of  the  marine  currents  must  have  been  affected.  It  is  not  sur- 
prising, therefore,  that  the  Chalk  Bock  should  frequently  exhibit 
appearances  which  seem  to  indicate  the  temporary  an'estment  of 
deposition  with  a  certain  amount  of  current  action.  Through- 
out the  southern  and  central  parts  of  England  it  repeatedly  happens 
that  the  harder  beds  are  hardest  at  the  top,  terminating  in  clearly- 
marked  surfaces,  and  it  is  with  these  surfaces  that  the  layers  of 
green-coated  nodules  are  generally  associated,  the  nodules  being 
either  embedded  in  the  indurated  rock  or  resting  upon  its 
surface. 

I  agree  with  Dr.  Hume  in  regarding  these  facts  as  the  effects 
of  a  bottom  current  which  was  frequently  strong  enough  to 
interrupt  the  deposition  of  chalky  material,  and  this  current 
must  have  cari'ied  the  products  of  decomposing  animal  matter 
from  some  coastal  region  to  the  area  where  the  rocky  beds  were 
being  formed.  The  nodules  are,  however,  only  slightly  phosphatic, 
so  that  the  coast  Une  was  probably  at  a  considerable  distance. 

Lithological  Evidence, —Thia  consists  partly  in  the  recurrence 
of  the  glauconitic  grains,  often  in  fairly  large  quantity,  and  partly 
in  the  larger  size  of  the  quartz-grains  which  occur  in  the  chalk 
of  the  Holaster  planus  zone. 

It  is  also  a  fact  that  the  total  average  amount  of  insoluble  residue, 
as  well  as  the  proportion  of  coarse  residue,  is  greater  in  this  zone 
than  in  that  of  Terebratulina,  but  this  may  possibly 
be  explained  on  the  assumption  that -the  rate  of  accumulation 
was  less  in  the  one  zone  than  in  the  other.    It  is  obvioua  that  if 
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deposition  of  chalky  material  was  slower,  while  the  quantity 
of  extraneous  siliceous  matter  brought  in  a  given  time  remained 
the  same,  a  given  bulk  of  chalk  would  contain  a  larger  proportion 
of  such  siUceous  matter.  We  shall  not  therefore  lay  stress  on  the 
greater  total  amounts  of  insoluble  material,  but  rather  on  the 
larger  size  of  the  grains,  and  on  the  presence  of  glauconite. 

Mr.  Hill  finds  that  the  greater  part  of  the  insoluble  residue 
obtained  from  the  samples  he  examined  consisted  of  glauconite 
grains,  these  sometimes  forming  70  per  cent,  of  such  residue 
(see  p.  315).  In  respect  of  size  they  are  mostly  small,  but  some 
range  from  '3  to  6  mm.  in  diameter.  The  occurrence  of  glauconite* 
often  in  sufficient  quantity  to  give  the  rock  a  finely  speckled  appear- 
ance, is  very  suggestive  of  a  recurrence  to  something  Uke  the 
bathymetrical  conditions  which  prevailed  in  the  time  of  the  Lower 
Chalk,  and  these  could  hardly  have  been  restored  in  any  other 
way  than  by  a  general  uplift  of  the  region. 

Although  particles  of  detrital  minerals  are  not  abundant,  quartz, 
felspar,  and  tourmaline  have  been  observed,  and  though  the 
quartz  is  usually  in  the  condition  of  very  fine  sand,  yet  large  grains 
occur  in  some  places.  The  most  notable  instance  is  in  the  bed 
of  quartziferous  Chalk  at  Eew  Farm,  near  Dorchester,  where 
the  grains  range  up  to  a  size  of  2  mm.;  but  in  the  Isle  of  Wight 
a  single  grain  of  '  72  was  found. 

It  is  noticeable  that  in  the  Isle  of  Wight  a  bed  which  exhibits 
the  lithological  characters  of  the  Chalk  Bock  occurs  near  the  top  of 
the  Terebratulina  zone,  showing  that  conditions  favourable  to 
the  formation  of  such  rock  began  to  make  themselves  felt  at  that 
time.  In  a  sample  from  this  bed  Dr.  Hume  found  a  coarse  residue 
of  •  048  per  cent.,  "  consisting  almost  entirely  of  glauconite  grains 
and  small  particles  of  angular  and  rounded  quartz."  Augite, 
hornblende,  and  tourmaline  were  also  observed. 

Zoological  ciridence.— Writing  in  1892,  I  remarked  "that 
the  Chalk  Bock  has  every  appearance  of  having  been  formed  in 
much  shallower  water.  Fossils  are  often  abundant,  Gasteropoda 
are  not  uncommon,  and  include  such  genera  as  Turbo,  CerithiAim, 
Avellana,  Aporrhaia,  Natica,  Crepidvla,  and  Emarginvla,  the 
modern  representatives  of  which  do  not  Uve  in  deep  water,  some  not 
ranging  below  100  fathoms,  and  none  lower  than  150  fathoms."* 
This  statement,  however,  requires  some  modification,  for  though 
most  of  the  species  belonging  to  these  genera  do  live  in  less  than 
100  fathoms,  yet  if  Cerithiopsis  is  read  for  Cerithium  all  have 
recent  species  which  exist  at  depths  of  over  600  fathoms.  When, 
however,  the  fauna  of  the  Chalk  Bock  is  contrasted  with  that 
of  the  Terebratulina  zone  and  compared  with  that  of  the  Tottemhoe 
Stone  or  Chalk  Marl,  the  contrast  to  the  one  and  the  resemblance 
to  the  other  are  very  suggestive  of  a  lessened  depth  of  water. 

*  Building  of  the  British  Isles,  London,  1802,  Second  Edition,  p.  264. 
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Dr.  W.  F.Hume,  writing  in  1895,  ♦came  to  the  same  conclusion. 
He  remarks  on  the  recurrence  of  the  genus  Holastei\  which 
disappears  for  a  time  in  the  Middle  Chalk,  only  again  becoming 
common  in  and  just  below  the  Chalk  Bock.  He  also  notices 
the  return  of  Cephalopoda  (Ammonites y  ScaphiteSy  Heteroceras 
and  Hamites)  as  suggestive  in  this  connection,  and  as  recalling 
the  abundance  of  these  genera  in  the  Lower  Chalk. 

Still  later  Mr.  H.  Woods  discussed  the  MoUusca  of  the 
Chalk  Ilock,t  and  from  his  paper  I  quote  the  following  passage : 
"  That  the  fauna  of  the  reuasiarvum  zone  Uved  in  water  of  less 
depth  than  the  faunas  of  the  other  Turonian  and  Senonian  zones 
will,  I  think,  scarcely  be  disputed.  The  Chalk  Bock  is  very  thin 
generally,  yet  fossils  are  more  numerous  specifically  and  far  more 
abiindant  generally  than  in  the  other  zones.  It  is  well  known 
that  at  the  present  day  we  find  a  similar  difference  in  passing 
from  comparatively  shallow  water  to  greater  depths  ;  the  number 
of  species  as  well  as  the  number  of  individuals  hving  on  the  sea 
bottom  diminishes  considerably  ....  The  relative  richness  of 
the  fauna  of  the  reussianum  zone  cannot  be  accounted  for  by  any 
difference  in  the  nature  of  the  sea-bottom,  since  in  its  original 
soft  state  the  chalk-<)oze  must  have  been,  so  far  as  animal  life 
was  concerned,  uniform  in  character  throughout  the  Chalk 
period.  We  can  therefore  only  conclude  that  the  change  in  the 
fauna  was  caused  by  a  decrease  in  depth ;  and  since  the  change 
is  so  marked  the  decrease  was  probably  considerable." 

He  further  remarks  (op  dt.,  p.  400)  that  **  in  discussing  the 
question  of  depth  from  the  evidence  supplied  by  the  genera  of 
Mollusca  which  have  living  representatives,  we  must  consider 
three  main  points  :— (1)  The  genera  which  have  a  limited  bathy- 
metrical  range ;  (2)  the  depths  at  which  the  other  genera  are 
most  numerous  ;  (3)  the  relative  abundance  of  the  genera  in  the 
reussianum  zone  itself."  He  divides  the  genera  into  five  groups, 
but  the  limit  of  range  which  he  assigns  to  the  first  group  is  not 
correct,  and  some  of  the  genera  in  his  other  groups  are  now  known 
to  have  a  greater  range.  I  would  also  exclude  the  genera  Martesia 
and  Turbo  (sensu  restricto)  from  consideration.  Martesia  is  a 
kind  of  Pholas,  which  bores  in  wood,  and  floating  wood  containing 
it  might  sink  in  any  depth  of  water.  Tvrbo  as  a  fossil  is  indis- 
tinguishable from  Trochus  and  Calliostoma.  I  think,  therefore, 
the  Chalk  Bock  genera  may  be  arranged  in  three  groups  instead 
of  in  five,  as  follows  :— 

(1)  Genera  not  now  living  below  300  fathoms.  PleuroUmiaria, 
a  genus  on  the  verge  of  extinction,  and  of  which  recent 
specimens  have  only  been  dredged  from  between  73  and 
200  fathoms.   Cyprvna,  which  ranges  to  about  1 80  fathoms. 

•  NatuFal  Science,  Vol.  vii,  p.  390. 

t  Quart.  Joum.  Ged.  See.,  Yd.  Kii.  p.  398  (1897). 
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Ostrea,  ranging  to  277  fathoms  oflF  Marseilles  (Locard.) 
Plicatula  and  Trapezium  the  range  of  which  I  have  been 
unable  to  ascertain  exactly,  but  Plicatula  is  said  not  to 
range  below  100  fathoms ;  both  are  certainly  now  shallow 
water  forms,  whatever  they  may  have  been  in  Cretaceous 
time. 

(2)  Grenera  which  now  range  to  over  400  fathoms,  but  are  not 

found  beyond  800.  These  are  Crepidvla,  ETnarginula, 
Turbo  (if  present),  Cardium,  Cardita,  Pecten,  and 
Spondylvs,  The  first  two  range  to  over  450  fathoms  on 
American  coasts.  Cardita  goe^  to  500  fathoms  and 
Spondylvs  to  640  in  the  Bay  of  Biscay. 

(3)  Grenera  which  have  representatives  ranging  to  1,000  fathoms 

or  more:— AporrAais,  Cerithiopsis,  Dentali/wm,  Natica, 
Trochus,  Area,  LimopsiSj  Nucula,  Nuculana,  I/bna, 
Modiola,  and  Cuspidaria, 

The  genera  which  are  most  frequently  met  with  as  fossils  in  the 
Chalk  Rock  are  Aporrhxiis,  CerithiAim  (?  Cerithiopsis),  Trochus, 
Tv/rbo,  Pleurotomaria,  Trapezium,  Pecten,  and  Spondylus, 
Of  these  it  will  be  seen  that  six  range  to  over  600  fathoms, 
and  that  the  only  genus  at  present  confined  to  shallow  water  is 
Trapezium.  Apropos  of  this  and  the  genus  Plicatula,  it  must 
be  remembered  that  none  of  the  species  survive  to  the  present 
day,  and  that  there  is  no  reason  why  the  Cretaceous  species  should 
not  have  ranged  into  deep  water.  Referring  to  modem  deep-sea 
forms,  Mr.  E.  A.  Smith  has  remarked  that  they  do  not  present 
any  very  special  characters,  and  that  in  many  cases  "the  same 
species  is  equally  well  adapted  for  living  in  deep  or  shallow  water, 
and  as  far  as  our  observations  have  reached,  the  shells  appear 
to  be  very  little  affected  by  the  difference  of  the  depth  or  the  nature 
of  the  bottom."* 

Mr.  Woods  puts  the  depth  of  water  below  which  the  Chalk  Rock 
was  formed  as  somewhere  between  100  and  500  fathoms.  He 
points  out  that  if  it  had  been  less  than  100  the  genera 
would  almost  certainly  have  been  represented  by  a  larger  number 
of  species,  for  though  there  are  a  number  of  genera  each  genus 
is  only  represented  by  one  or  two,  at  most  three,  species ;  and  that 
if  it  had  been  more  than  500  fathoms  the  number  of  individuals 
would  have  been  less.  I  am  quite  prepared  to  accept  this  con- 
clusion, but  think  it  unlikely  on  general  grounds  that  the  water 
was  less  than  300  fathoms  deep. 

Little  can  be  learnt  from  the  Brachiopoda  or  the  Echinodermata 
of  the  Chalk  Rock,  as  it  does  not  contain  any  special  forms,  and 
the  Bryozoa  have  not  yet  been  worked  out. 

The  Foraminifera  furnish  better  evidence,  especially  as  many 
of  the  species  have  survived  to  the  present  day.  In  the  lists  given  on 

*  Challenger  Exp.  Report  on  the  Lamellibranchiata,  Vol.  xiii.  p.  5. 
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p,  349  to  353  there  are  no  fewer  than  twenty-five  species  recognised 
by  Mr.  Chapman  as  occurring  in  the  zones  of  HoL  ^anus 
and  M.  oortestudinarium  which  do  not  recur  in  the  higher  zones, 
if  we  disregard  the  exceptional  deposits  of  the  Taplow  phosphatic 
Chalk  and  the  Triramingham  Chalk.  Of  these  twenty-five  species 
fifteen  survive  to  the  present  day ;  eight  of  these  are  species  of 
great  bathymetrical  range,  but  the  other  seven  are  more  restricted. 
They  are  :— 

MUiolina  agglutinans,  essentially  a  shallow  water    species, 

and  is  not  found  below  440  fathoms. 
Gaudryina  filiformis,  which  ranges  from  shallow  water  to 

moderate  depths,  620  fathoms  being  its  extreme  range. 
Spiroplecta  annecteTis,  recent  specimens  have  only  been  found 

at  two  localities  (140  and  155  fathoms). 
Bvlimina  polystropha,  a  decidedly  shallow  water  form  seldom 

found  beyond  50  fathoms. 
Cristdlaria  tricarindla,  only  found  living  at  one  locality 

in  Torres  Straits  (95  to  155  fathoms). 
Truncatvlina  culter  has  a  range  from  580  to  1,500  fathoms. 
Discorbina  Berthdoti    occurs  chiefly  at  depths  of  less  than 

500  fathoms,  though  does  range  into  deep  water. 

Two  species  of  Frcmdicvlaria  also  occur,  and  the  modem  species 
of  this  genus  are  found  chiefly  between  80  and  600  fathoms,  and 
are  rare  at  greater  depths.  As  to  Truncatvlina  culter,  it  is,  of 
course,  very  probable  that  it  lives  in  less  than  580  fathoms,  thougli 
not  dredged  in  less  by  the  Challenger  Expedition.  The  evidence 
of  the  Foraminifera  therefore  tends  to  confirm  that  of  the  Mollusca 
that  the  zones  of  H,  plarvus  and  M.  cortestudinarvam  were  formed 
in  less  than  500  fathoms. 

2.    Subsidence. 

We  have  next  to  deal  with  the  zones  which  overlie  that  of 
Holaster  planus,  and  form  the  mass  of  the  Upper  Chalk.  The 
zone  of  Micraster  cortestudinarium  may  be  looked  upon  as  a  zone 
of  passage  between  that  of  H.  planus  and  that  of  M.  coranguinum. 
In  its  lithic  characters  most  of  it  resembles  the  chalk  of  the  H. 
planus  zone,  but  the  quartz-grains  are  always  very  small,  and 
glauconite  grains  are  rare  or  absent.  Cephalopoda  and  Gasteropoda 
are  rare,  and  it  is  evident  that  during  its  formation  the  conditions 
which  led  to  the  formation  of  beds  like  the  Chalk  Bock  were 
gradually  passing  away. 

Coming,  then,  at  once  to  the  consideration  of  the  central  zones 
of  the  Upper  Chalk,  those  of  M.  cora/nguinum,  Marsupites,  and 
Act,  quadratus,  we  find  them  presenting  a  great  contrast  to  the 
lower  beds,  and  affording  evidence  that  can  only  be  interpreted 
as  indicative  of  renewed  subfddenoe. 
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Strdtigraphical  Evidence.'-'hi  England  the  M.  coranguin/um mome 
everjrwliere  presents  the  appearance  of  having  been  quietly  and 
continuously  accumulated  in  water  that  was  seldom  disturbed  by 
bottom-currents.  The  chalk  is  very  seldom  of  a  nodular  cha- 
racter, and  no  layera  of  green-coated  nodides  have  yet  been  observed 
except  at  or  above  its  summit  in  the  Isle  of  Wight.  In  Ireland, 
where  there  is  such  a  great  break  in  the  continuity  of  the 
series,  sedimentation  was  recommenced  at  this  epoch,  but  there 
the  chalk  of  this  zone  is  sandy  and  glauconitic,  owing  to  the 
proximity  of  land,  and  it  was  not  till  the  time  of  the  MarmipUes 
zone  that  pure  white  chalk  came  to  be  formed  in  Antrim.  "  The 
lower  beds  of  the  Inoceramus  zone  are  limited  to  the  centre  of  this 
(eastern)  division,  but  the  higher  ones  overlap  the  older  strata 
both  to  the  south  and  north,  invading  the  central  area  on  the 
one  hand  and  extending  to  Carnlough  on  the  other."  ♦  This 
overlap  and  change  from  calcareous  sand  to  glauconitic  chalk, 
and  then  to  pure  white  chalk,  seems  to  indicate  a  considerable 
and  extensive  subsidence,  carrjing  back  the  coast-lines  and 
deepening  the  water  to  such  an  extent  that  for  the  first  time  in 
the  history  of  the  Cretaceous  period  a  deposit  of  pure  chalk-ooze 
was  accumulated  in  the  Antrim  basin. 

Litlwlogical  Emdence.—In  these  zones  the  quantity  of  mineral 
detritus  in  the  residues  examined  by  Mr.  HUl  is  at  a  minimum. 
In  the  Af .  coranguinum  zone  the  average  amount  of  insoluble  residue 
is  only  1*72,  and  the  greater  part  of  such  residue  consists  of  fine 
clay  and  ferruginous  matter.  With  a  single  exception  the  amount 
of  coarse  residue  varies  from  '005  to  '036,  the  exception  being  in 
Yorkshire  (Kirk  Ella),  where  it  amoimts  to  "105,  but  this  is  due 
to  the  presence  of  silicified  shell-fragments,  and  not  to  detrital 
minerals.  In  other  cases  most  of  the  coarse  residue  consists  either 
of  arenaceous  Foraminifera  or  of  small  lumps  of  porous  oxide 
of  iron.  A  few  minute  grains  of  quartz  generally  occur  in  the 
residue,  but  so  few  that  they  can  always  be  easily  counted,  and 
their  average  size  is  only  "13  mm.,  none  larger  than  '46  being 
seen. 

In  the  zone  of  Marsupites  the  coarse  residues  exhibit  similar  cha- 
racters ;  in  amount  they  vary  from  '003  to  '02,  and  the  average 
size  of  the  grains  is  only  '07,  the  maximum  size  being  *19. 

The  same  is  the  case  in  the  zone  of  Act.  quadratuSf  samples 
from  the  south  of  England  all  having  les3  than  1  per  cent,  of 
insoluble  residue,  the  coarser  part  varying  from  '001  to  'OS.  A 
few  minute  quartz-granules  are  generally  present,  their  average 
size  being  '08  mm. 

Only  in  Yorkshire  are  the  total  residues  larger  than  elsewhere, 
and  this  is  due  to  a  larger  proportion  of  fine  clay  in  the  flintless 
chalk  of  the  zones  of  Marsupites  and  Act  quadratus. 

*  W.  F.  Hume  on  the  Cretaceous  Strata  of  County  Antrim,  Quart, 
jurn.  GeoL  Soc.,  Vol.  liii.  p.  601  (1A97), 
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Such  lithic  characters  as  those  above  mentioned  are  comparable 
to  those  of  recent  oceanic  deposits  formed  at  a  great  distance  from 
land,  and  in  which  the  quartz-grains  are  merely  quartz-dust 
originating  over  some  dry  ti-act  of  land  and  blown  out  to  sea 
during  dust  storms.  One  point  may  here  be  noticed,  and  that  is 
the  absence  of  even  the  minutest  fragments  of  volcanic  minerals 
in  the  chalk  of  these  zones.  In  this  respect  it  differs  from  almost 
all  samples  of  modem  Globigerina  ooze,  in  which  volcanic  debris 
is  almost  always  found.  The  Upper  Chalk  is,  in  fact,  a  more 
purely  calcareous  deposit  than  any  modem  calcareous  ooze,  and  we 

mav  infer  that  no  active  volcanoes  existed  at  this  time  anvwhere 

•  • 

in  the  region  of  Northern  Europe  or  of  the  Northern  Atlantic. 

Zoological  Evidence,— The  Molluscan  fauna  of  this  part  of  the 
Upper  Chalk  (zones  of  Af .  coranguvama,  MarsupUes,  and  Actvno- 
cumax  qaadratus)  has  a  character  of  its  own  which  is  not  with- 
out its  significance.  In  the  first  place,  Gasteropoda  are  of  very 
rare  occurrence ;  of  all  those  found  in  the  Chalk  Eock  only 
PleurotoTTuiria  survives,  and  the  only  other  yet  discovered  in 
England  is  Hipponyx  Dixoni,  Even  the  lamellibranchiate  fauna 
is  not  a  large  one,  so  far  aa  genera  are  concerned,  though  indi- 
viduals are  often  abundant.  The  principal  genera  are  Avicula 
(2  or  3  species),  Inocerarwas  (8  species),  Lima  (4  species),  Septifer 
(1  species;,  Os^rea  (10  species),  Pecten  (7  species),  iVei^Aea  (2  species), 
Pinna  (1  species),  S'pondylus  (5  species).  It  will  be  noticed  that  all 
these  are  genera  belonging  to  the  allied  families  of  Ostreidfie* 
Fectinidae,  MytiUdse  and  Aviculidae;  also  that,  with  the  excep- 
tion of  InocerarwuSf  Ostrea,  and  Pecten,  none  are  represented 
by  many  species. 

The  rarity  of  dimyarian  genera  is  remarkable,  for  in  the  deep 
waters  of  modem  oceans  they  are  at  least  as  common  as  the  Mono- 
myaria,  the  principal  modem  genera  being  Callocardia^  CetO' 
concha,  Cuspidaria,  Lyonsidla,  Abra,  Verticordia,  Miocardia, 
Nucuiay  Nuculana,  and  Area,  The  absence  of  some  of  these  genera 
may  perhaps  be  accoimted  for  by  the  fact  that  the  shells  of  the 
firat  five  above  named  are  so  thin  that  in  all  probability  they  would 
not  long  remain  undissolved  on  the  ocean  floor,  and  thus  would 
not  be  likely  to  occur  as  fossils  in  a  deposit  which  had  been  formed 
at  a  great  depth  (600  fathoms  or  more).  Verticordia  and  Mio- 
cardia, which  have  fairly  thick  shells,  may  not  then  have  existedf 
since  they  are  only  known  as  fossils  in  Tertiary  deposits. 

Nuculana,  Nucula  and  Area,  however,  certainly  existed  in  the 
Cretaceous  period,  and  their  absence  is  not  so  easily  accounted  for : 
it  may  well  be,  however,  that  their  shells  are  less  durable  and 
less  resistant  to  solvents  than  thos^  of  Ostrea,  Pecten,  Pirvna,  and 
allied  genera.  To  test  this  possibility  I  have  made  a  rough  experi- 
ment with  single  valves  of  recent  Nucula/na  and  Pecten.  Valves 
were  chosen  of  nearly  equal  weight,  and  each  was  put  in  an  egg- 
cup  with  an  equal  quantity  of  water  to  which  five  drops  of  stro: 

6S21 
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hydrochloric  ac^d  was  added.  The  NucuUma  was  oompletely 
dissolved  in  the  course  of  ten  minutes,  while  the  Pecten  retained 
its  shape  at  the  end  of  twenty  minutes,  just  broke  when  touched 
at  the  end  of  twenty-five  minutes  and  was  not  wholly  dissolved  at 
the  end  of  fifty  minutes.  This  result  was  so  suggestive  that 
another  trial  was  made  but  in  this  the  difference  was  lesa 

When,  however,  we  remember  that  both  Area  and  Nutcula 
are  not  uncommon  in  the  Clialk  Rock,  their  absence  in  the  higher 
zones  seems  most  reasonably  accounted  for  by  disintegration 
previous  to  complete  embedment ;  if  it  had  taken  place  subse- 
quently casts  would  have  been  left,  as  in  the  Chalk  Bock. 

I  conclude,  therefore,  that  we  must  not  regard  the  fossil  fauna 
of  the  zones  of  M.  coranguinvmiy  Marsupiies,  and  Ad.  quadratus 
as  presenting  us  with  a  complete  assemblage  of  the  Molluscan 
life  then  living  on  the  ocean  floor,  but  rather  as  being  only  those 
shells  which,  by  reason  of  their  strong  calcitic  structure,  were 
enabled  to  resist  the  disintegrating  influences  operating  at  such 
depths. 

We  may  next  consider  the  Bryozoa,  which  have  been  invoked 
by  M.  Oayeux  as  forbidding  us  to  consider  any  part  of  the  Chalk 
as  a  deep-water  formation.*  He  has  attempted  to  compare  the 
bryozoan  genera  of  the  Upper  Chalk  of  France  with  those  of 
the  modern  genera  recorded  by  Mr.  Busk  in  his  monograph  of 
the  Challenger  material.  The  French  Bryozoa  referred  to  by 
M.  Cayeux  came  chiefly  from  the  zones  of  M.  coranguinum  and 
Bd,  mucronata  and  of  the  genera  enumerated  only  sixteen  Ore 
mentioned  in  Mr.  Busk's  monograph.  Of  these  genera  nine 
now  live  at  depths  of  less  than  150  fathoms,  while  seven  have 
species  which  exist  only  in  greater  depths,  but  the  number  of 
deep  water  species  is  less  than  the  number  of  those  which  are 
restricted  to  shallower  water  (within  150  fathoms).  He  con- 
siders this  evidence  to  be  sufficient  indication  that  the  Chalk  was 
not  formed  in  deep  water ;  and  he  further  points  out  (p.  500 ) 
that,  this  being  so,  the  Echinoderms,  which  so  often  bear  J3ryozoa 
on  their  tests,  cannot  be  cited  as  indicating  any  great  depth  of 
water. 

In  this  argument  there  are  two  weak  points :  (1)  His  data 
are  obtained  chiefly  from  two  zones  only,  to  the  exclusion  of  the 
others,  and  yet  he  draws  conclusions  as  to  the  Upper  Chalk  as 
a  whole.  (2)  The  generic  nomenclature  of  the  Bryozoa  is  at 
present  in  such  confusion  that  no  such  comparison  can  be  reUed 
upon  until  the  nomenclature  has  been  revised. 

Knowing  that  Dr.  J.  W.  Gregory  was  engaged  upon  such  a 
revision  of  the  fossil  Cretaceous  Bryozoa,  I  asked  him  if  he  could 
express  an  opinion  on  the  question,  and  he  replies  as  follows : 
"  The  Bryozoa  of  the  zones  of  Hd.  planus  and  Micr.  cortestvdi- 
na/rvwm  might  have  lived  at  a  depth  of  100  fathoms,  or  of  as  much 

*  ContributioDB  ^  i*£tude  Micrographique  des  Terr.  Sed.,  1897,  p.  501. 
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as  600  fathoms,  possibly  even  rather  more,  but  there  are  other 
zones  in  the  Chalk  in  which  Bryozoa  are  rare,  and  these  were 
probably  formed  in  deeper  water  than  the  cortestvdinarivm  zone." 
The  last  remark  is  significant,  especially  when  the  relative 
abundance  of  Bryozoa  in  different  parts  of  the  Upper  Chalk  is 
considered.  They  are  very  abundant  in  the  zone  of  M.  cortes- 
titdinarium  and  in  the  lower  part  of  the  M.  coranguvnum  zone. 
With  respect  to  the  other  two  zones  I  have  consulted  Dr.  A.  Eowe, 
of  Margate,  who  has  paid  special  attention  to  the  Bryozoa  and 
their  distribution;  he  informs  me  that  in  the  zone  of  Marsupites 
they  are  sometimes  fairly  common,  but  in  other  localities  they 
are  rare,  that  the  zone  of  Act.  quadratics  is  generally  rich  in  them, 
but  not  invariably  so.  With  regard  to  the  zone  of  Bd.  rrmcronata, 
the  evidence  at  present  available  tends  to  show  that  its  lower 
part  is  not  very  rich  in  Bryozoa ;  whether  the  higher  part  is 
richer  has  not  been  definitely  ascertained  but  in  the  Trimingham 
chalk  they  are  certainly  abundant. 

It  will  be  seen,  therefore,  that  the  testimony  of  the  Bryozoa, 
so  far  as  it  goes,  is  strongly  suggestive  of  a  gradual  subsidence, 
culminating  in  the  zone  of  Marsupites  when  the  depth  of  water  was 
greatest  and  consequently  least  favourable  to  abundant  bryozoan 
life ;  and,  further,  that  there  was  subsequently  a  recovery  from 
this  subsidence,  till  the  water  was  sufficiently  shallowed  to  be 
once  more  favourable  to  their  existence. 

The  only  other  class  of  animals  which  seem  likely  to  aflord 
evidence  on  the  question  before  us  is  that  of  the  Foraminifera. 
Referring  to  the  ILst  of  Upper  Chalk  species  given  on  p.  349,  it 
will  be  found  that  Mr.  Chapman  has  determined  88  species  from 
the  zones  we  are  now  discussing.*  Of  these  46,  or  rather  more 
than  half,  still  survive,  and  it  is  significant  that  no  less  than  35 
of  them  are  species  which  range  into  deep  water,  i,e.,  into  depths 
of  more  than  1,000  fathoms.  Only  11  are  species  which,  up 
to  the  date  of  Mr.  Brady's  Challenger  Report  (1884),  were  not 
known  to  occur  in  depths  of  more  than  700  fathoms ;  these  are 
the  following  :— 

Species.  Range  given. 

Fathoms. 

Rhizammina  indivisa 150  to  640 

Textularia  turris -  360 

„         trochus       .--.--- 

Verneuilina  triquetra 

Qaudryina  filiformis 

„  nigosa 

Tritaxia  tricarinata 

Nodosaria  aculeata      -       -       -       -  *      - 

„         filiformis 

Ramulina  globulifera  ------ 

Pulvinulina  concava 

*pEzcluding  those  found  in  the  Phosphatic  Chalk  of  Taplow,  which  will 
be  referred  to  in  the  sequel. 
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Since  the  date  of  the  Challenger  Report,  Texhdaria  turris  has 
been  found  at  438  fathoms  and  Gaudryina  rugom  at  936  fathoms, 
both  in  West  Indian  waters;  moreover,  several  of  the  species 
are  rare  as  recent  forms  and  may  at  any  time  be  found  at  gpreater 
depths  than  those  at  which  they  were  obtained  by  the  Challenger 
Expedition.  Thus  we  may  safely  say  that  the  range  of  Tritaxia 
tricarinata  is  unknown,  for  it  has  only  been  found  Uving  at  one 
locality;  as  it  ranges  through  every  part  of  the  Chalk  and  is  asso- 
ciated with  species  which  are  now  commonest  in  deep  water, 
there  can  be  little  doubt  that  in  the  Cretaceous  period,  at  any  rate» 
it  had  a  considerable  range  in  depth.  Excluding  the  TrUaMat 
there  remain  six  species  which  at  the  present  time  have  only  been 
obtained  at  depths  of  less  than  500  fathoms.  This  fact  must  be 
taken  for  what  it  is  worth,  but  it  is  of  the  nature  of  negative 
evidence,  and  the  positive  evidence  of  the  Foraminifera  found 
in  these  zones  of  the  Upper  Chalk  is  decidedly  in  favour  of  their 
having  been  laid  down  in  water  of  greater  depth  than  prevailed 
during  the  formation  of  the  ssones  of  H.  plawus  and  M. 
cortestudinarium. 

This  statement,  however,  will  not  apply  to  the  assemblage  of 
Foraminifera  found  in  the  phoephatic  chalk  of  Taplow  (see  p.  219), 
which  is  remarkable  not  only  because  it  is  very  rich  in  Forami* 
fera,  but  because  so  many  of  the  species  have  not  been  found 
elsewhere.  Thus  Mr.  Chapman  distinguished  no  fewer  than 
99  different  species;*  of  these  five  were  described  as  new  species, 
and  of  the  rest  30  were  not  previously  recorded  from  any  part 
of  the  Chalk,  while  no  fewer  than  44,  or  nearly  half,  have  not 
yet  been  recorded  from  any  other  bed  in  the  Upper  Chalk.  Among 
those  species  which  have  survived  to  the  present  day  13  are  either 
shallow  water  forms  or  appear  to  have  a  very  limited  range  in 
depth ;  these  are : — 


Spiroloculina  llmbata 
Miliolina  trigonula  - 
Textularia  conica  - 
Bolivina  nobilis 
Nodosaria  aculeata  - 
„  hispida  > 
„        R(Bmeri 


Shallow  water,  rare  beyond  400  fathoms. 
Shallow  water,  rare  beyond  500  fathoms. 
Shallow  water  to  142  fathoms. 
Ranges  from  6  to  400  fathoms. 
Ranges  from   95  to  450  fathoms. 
Ranges  from  95  to  450  fathoms. 
In  less  than  400  fathoms  (N.  Atlantic). 
Lingulina  carinata  •       -    Ranges  from  40  to  580  fathoms. 
Cristellaria  gemmata       -    Rare  but  only  found  between  95  and  210 

fathoms. 
Pulvinulina  Karsteni       -    An  Arctic  species  from  less  than  220 

fathoms. 
„        repanda,  var. 

concamerata.    Found  in  less  than  150  fathoms. 
,,         punctulata     -    Ranges  from  10  to  390  fathoms. 
Rotalia  Beccari        -       •    Essentially  a  shallow  water  form. 


*  Quart.  Journ.  Geol.  Soc.,  Vol.  xlviii.  p.  514  (1892).  In  this  paper 
98  is  the  number  mentioned,  but  Mr.  Chapman  informs  me  that  Tritaxia 
lOvcolata  was  unintentionally  omitted. 
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Eight  of  these  are  essentially  shallow  water  forms,  and  yet 
others  are  associated  with  them  which  are  just  as  characteristic 
of  deep  water,  such  are  MUiolina  venitsta,  Rhiza/mmina  algcB- 
formis,  Verneuilina  pygmcea,  and  Rotalia  Soldani. 

Such  discordant  evidence  can  only  be  expla'ned  on  the  suppo- 
sition that  the  shallow  water  forms  had  been  transported  to  the 
spot  where  they  are  now  found,  and  the  most  probable  means 
of  transport  is  that  of  a  current,  as  was  first  pointed  out  by  Mr. 
Strahan.*  There  are  other  facts  connected  with  the  deposit 
which  suggest  the  action  of  a  current  ;  the  underlying  floor  of 
indurated  chalk,  the  abundance  of  remains  of  small  fish,  and 
the  phosphatisation  of  the  shell-fragments  and  the  Foraminifera. 
The  explanation  of  all  these  facts  is  probably  that  suggested  by 
Air.  Strahan — namely,  a  temporary  **  change  in  the  strength  or 
direction  of  the  local  currents"  t  >  but  I  think  we  may  go  further 
than  his  cautious  and  general  statement,  and  may  attribute  the 
phenomena  to  the  action  of  a  strong  current  setting  out  from 
shallower  water  and  temporarily  directed  over  this  spot.  In 
all  probabihty  this  current  carried  along  dead  and  decomposing 
organisms  of  various  kinds,  and  this  food  supply  was  accompanied 
by  a  swarm  of  small  fish  who  followed  it  into  deep  water.  Further, 
it  seems  most  probable  that  this  current  set  southwards  from  a 
northerly  direction,  for  three  of  the  Foraminifera  have  a  remark- 
able distribution  at  the  present  day,  PvlvinvliTia  Karsteni  being 
only  known  from  Arctic  seas,  Pidv,  concamerata  only  from  British 
seas,  and  Nodosaria  RcBjneri  being  found  chiefly  in  the  North 
Atlantic.  Such  a  current  will  also  account  for  the  phosphatisa- 
tion, for  phosphatic  nodules  are  mostly  found  in  localities  where 
currents  cause  the  meeting  of  waters  of  different  temperatures. 

I  would,  however,  guard  myself  against  being  understood  to 
suggest  that  the  imported  Foraminifera  were  brought  from  really 
shallow  water  in  the  neighbourhood  of  a  shore-line ;  it  will  be 
seen  that  all  of  them  range  to  150,  and  many  of  them  to400,  fathoms, 
and  it  is  quite  possible  that  some  part  of  the  sea-floor  to  the  north- 
ward rose  into  a  submarine  bank,  parts  of  which  may  have  reached 
to  within  100  fathoms  of  the  surface,  but  were  still  at  a  consider- 
able distance  from  land,  exactly  as  Bockall  Bank  does  at  the  pre- 
sent day.  In  this  I  agree  with  Dr.  Hume,  who  regarded  them 
as  "transported  by  current  action,  not  from  a  shore-line,  but 
from  considerable  depths,  and  that  this  explains  the  absence  of 
any  mineral  materials,"^  and  with  Mr.  Strahan,  who  writes :  "  From 
whatever  direction  it  (the  rock  material)  was  drifted,  it  must 
have  been  from  a  region  almost  \mreached  by  mineral  sediments."§ 


•  On  Phosphatic  Chalk,  Natural  Sdeace,  Vol.  i.  p.  284  (1891). 

t  Quart.  Journ.  Geol.  Soc.,  VoL  lii.  p.  468  (1896). 

I  Dr.  Hume  in  Proc  Geol.  Assoc.,  VoL  xiil  p.  233<1894), 

I  Natural  Science,  Vd.  i.  p.  S85, 
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3.   Be-£levation. 

We  have  finally  to  consider  the  contents  of  the  zones  of  Bdemr 
mteUa  mucroruita  and  Ostrea  hmata,  and  to  see  in  what  respects 
they  differ  from  those  of  the  underlying  zones, 

(1)  Lithdogical  Evidence. — Mr.  Hill  and  Dr.  Hume  have  de- 
scribed the  residues  of  five  samples  from  the  zone  olBd,  m/acnmaia 
and  the  quantity  of  detrital  material  is  still  very  small,  but  seems  to 
be  variable,  and  in  some  of  the  samples,  grains  of  detrital  minerals 
are  more  numerous  in  the  coarse  residue  than  in  any  sample  from 
the  two  underlying  zones.  It  is  noticeable  too  that  grains  of  fel- 
spar occur  in  two  of  them,  and  that  in  the  residue  of  the  Norwich 
chalk  Mr.  Hill  mentions  "  an  appreciable  amount  of  sand." 

In  the  Trimingham  chalk  not  only  is  the  total  quantity  of 
residue  large,  but  half  the  coarse  residue  consists  of  fine  sand, 
composed  chiefly  of  quartz,  but  including  grains  of  felspar,  mica, 
rutile,  tourmaline,  and  zircon.  In  this  respect,  as  well  as  in  the 
presence  of  glauconite,  and  in  abundance  of  shell-fragments  and 
of  Foraminifera,  this  chalk  resembles  that  of  the  zone  of  HolaMer 
plawas  more  than  any  other  part  of  the  Upper  Chalk ;  it  diflfers, 
however,  in  the  much  smaller  proportion  of  glauconite,  and  in  the 
more  minute  size  of  the  mineral  grains. 

The  evidence  above  indicated  distinctly  favours  the  hypothesis 
that  a  movement  of  elevation  was  in  progress  during  the  forma- 
tion of  these  beds. 

(2)  Zoological  Evidence, — With  respect  to  the  Mollusca,  it  will 
be  noticed  that  Cephalopoda  are  more  numerous,  six  species  of 
AroTnonites  having  been  found  in  the  Norwich  Chalk,  together 
with  species  of  Bacrdites,  Crioceras,  Heteroceras  and  NautUuSy 
the  reappearance  of  these  genera  recalling  the  fauna  of  the  Chalk 
Eock.  No  doubt  their  presence  merely  means  that  there  was 
more  food  for  these  animals,  but  then  why  was  such  food  moie 
abundant  ? 

More  significant  is  the  recurrence  of  several  genera  of  Gastero- 
pods ;  individuals  are  rare,  but  representatives  of  the  following 
have  been  found,  Avdlcma,  Aporrhais,  Dolvum  (?),  Emargvnvla, 
HipponyXy  Nerinceay  Pleurotomabria,  Turhoy  and  TurriteUa,  The 
presence  of  these  in  the  zone  of  Bd,  rwucronata  shows  that  their 
absence  in  the  underlying  zones  cannot  be  attributed  to  the  solu- 
tion of  their  shells  after  the  elevation  of  the  Chalk  into  Tertiaiy 
land,  but  must  be  due  to  some  contemporaneous  condition  which 
prevented  their  embedment.  If  this  condition  was  a  great  depth 
of  water,  as  already  suggested,  then  their  occurrence  as  casts  in  the 
Bd.  mticroTuUa  chalk  may  be  taken  as  indicating  a  lessened  depth 
of  water,  allowing  such  shells  to  last  long  enough  tqv  complete 
embedment. 
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Among  Lamellibranchs  the  reappearance  of  CiLspidaria  caudata 
has  a  similar  significance,  the  occurrences  of  this  shell  being  especi- 
ally remarkable ;  it  has  been  obtained  from  the  Chalk  Marl 
(base),  from  the  Chalk  Bock,  and  from  the  Norwich  chalk,  and 
from  these  horizons  only,  yet  its  recmrence  shows  that  it  existed 
throughout  the  whole  period,  and  until  a  specimen  is  discovered 
in  the  zone  of  Terebratulina,  or  in  one  of  the  three  middle 
zones  of  the  Upper  Chalk,  its  preservation  in  Chalk  Bock  and  in 
the  zone  of  Bd,  mucronata  may  fairly  be  regarded  as  something 
more  than  an  accidental  coincidence. 

The  reported  recurrence  of  Pholadomya  is  also  worth  notice,  for 
if  correct,  it  is  the  only  occurrence  of  this  genus  above  the  zone 
of  Holaster  svbglobosus.  It  is  a  deep  water  shell,  and  a  recent  species 
has  been  obtained  down  to  1,100  fathoms  (Fischer),  so  that  its  non- 
appearance in  the  other  zones  is  the  more  surprising.  On  the 
h)T)othesis  above  suggested,  its  absence  from  certain  zones  is 
comprehensible,  but  one  would  expect  it  to  occur  in  the  zone  of 
Holaster  planus. 

With  regard  to  the  Bryozoa,  little  can  be  said,  as  they  have  not 
been  specially  collected  from  the  Nor\yich  Chalk. 

Neither  do  the  Foraminifera,  so  far  as  they  are  at  present  known, 
afford  any  decided  evidence  of  a  decrease  in  the  depth  of  the  sea. 
The  total  number  identified  by  Mr.  Chapman  (see  p.  337)  is  53, 
and  of  these  22  are  still  living,  but  nearly  all  of  them  are  species 
which  range  from  shallow  to  deep  water. 

Coming  now  to  the  Trimingham  Chalk,  which  I  have  separ- 
ated from  the  Norwich  Chalk  under  the  name  of  the  zone  of  Ostrea 
lunata,  we  find  several  members  of  its  fauna  worthy  of  notice. 
As  in  the  Norwich  Chalk,  Ammonites  and  Bacdites  are  found, 
and  at  least  two  genera  of  Gasteropods  (Cerithium  and  Turbo), 
Among  Lamellibranchs  there  are  Area  Geinitzi  (which  probably 
also  occurs  near  Norwich)  and  Nucula  pectinata,  a  species  which 
was  not  known  to  range  above  the  Chalk  Marl  in  England,  but 
which  was  identified  by  Professor  Deecke  among  the  fossUs  collected 
by  Mr.  Brydone  (see  p.  266).  This  species  evidently  persisted 
throughout  the  whole  Upper  Cretaceous  period,  and  the  non- 
existence of  its  shell  in  the  great  mass  of  chalk  which  lies  between 
the  Chalk  Marl  and  the  Trimmingham  beds  is  a  fact  which  demands 
explanation.  Either  it  was  a  species  which  only  lived  in  moder- 
ate depths,  or,  if  it  could  and  did  live  in  deep  water,  its  shell  was 
destroyed  before  its  embedment  was  complete.  In  either  case 
this  Nucula  may  be  expected  to  occur  in  the  zone  of  Holaster 
planus,  now  that  it  has  been  discovered  in  that  of  Ostrea  Ivmnta, 

Nucula  pectinata  has  been  found  in  the  marls  and  sandstones 
which  represent  the  Turonian  and  Lower  Senonian  stages  in 
Bohemia,  a  proof  that  it  persisted  with  other  Cenomanian  species 
in  the  shallower  waters  of  the  Cretaoeous  sea. 
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With  respect  to  the  Bryozoa,  we  are  not  yet  in  possession  of  suffi- 
cient evidence,  but  Mr.  Brydone  informs  me  that  these  are 
abundant  and  that  many  of  the  species  are  identical  with  those  of 
the  chalk  of  BUgen  in  North  Germany. 

The  Foraminifera  have  not  yet  been  fully  investigated,  but 
among  those  isolated  by  Mr.  Hill  and  examined  by  Mr.  Chapman 
34  species  were  identified,  and  of  these  24  are  still  living,  and  this 
is  noteworthy,  as  being  a  larger  proportion  of  living  forms  than  is 
the  case  with  any  other  part  of  the  Chalk.  When  the  ranges  of 
these  species  are  considered,  however,  th3  evidence  is  found  to  be 
conflicting  and  inconclusive.  Thus  there  are  two  essentially  shallow 
water  forms,  Polymorphina  comm/ums  and  Discorbina  gldbtUaris  ; 
on  the  other  hand,  these  are  associated  with  Bvlimina  exilis, 
Pidlenia  spheroides,  and  Rotalia  Soldani,  which  are  more  especi- 
ally characteristic  of  deep  water. 

Textvlaria  sagittvla  may  also  be  mentioned,  for,  though  it  now 
ranges  into  deep  water,  it  has  only  yet  l)een  recorded  from  two 
other  localites  in  the  Upper  Chalk,  Taplow  (zonft  of  Act.  quadratus) 
and  Lewes  (zone  of  Micraster  cartestuddnarium\  and  is  in  both 
cases  associated  with  some  species  of  limited  range. 

Concluding  Bemarks. 

From  the  facts  mentioned  in  the  preceding  pages  it  will  be 
gathered  that  there  is  a  certain  amount  of  evidence  m  favour,  of 
the  conclusions  predicated  on  p.  361.  The  evidence  of  upheaval 
dimng  the  formation  of  the  HoLoAfer  planus  zone  is  strong,  that 
of  the  subsequent  subsidence  is  fairly  definite,  but  the  indications 
of  re-elevation  to  be  found  in  the  zones  of  BdemniteUa  fn/ucronata 
and  Oatrea  lunata  are  not  quite  so  cogent.  With  respect  to  the 
last,  no  one  will  be  disposed  to  doubt  that  the  Cretaceous  period 
did  actually  close  with  such  a  movement  of  upheaval,  even  if  it 
had  not  proceeded  very  far  at  the  time  when  the  English  record 
of  Cretaceous  history  breaks  off,  for  we  must  remember  that  the 
final  members  of  the  Cretaceous  Series  are  wanting  in  this  country, 
having  been  destroyed^by  the  erosion  which  preceded  the  deposition 
of  the  Eocene  Series. 

Dr.  W.  F.  Hume,  writing  on  the  "  Genesis  of  the  Chalk  "  in 
1894,*  published  a  diagram  to  illustrate  the  relations  which  he 
beUeved  to  exist  between  the  varying  lithological  characters  of  the 
Chalk  zones,  and  the  probable  depth  of  the  water,  and  as  my 
examination  of  the  evidence  tends  to  confirm  the  general  idea 
expressed  by  his  diagram,  I  have  adopted  a  similar  method  of 
showing  the  probable  variations  in  depth  which  took  place  during 
the  formation  of  the  Middle  and  Upper  Chalk. 

It  must  be  understood  that  this  is  only  a  diagram,  and  that  it  is 
not  to  be  taken  as  indicating  any  belief  that  that  maximum  subsi- 
dence of  the  English  area  in  the  Cretaceous  Period  was  700 

•  Proc.  Qeol.  Aflsoc.,  Vol.  xiii.  p.  240. 
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fathoms,  neither  more  nor  less.  The  line  is  drawn  down  to  700 
fathoms  merely  to  indicate  the  probable  extent  of  the  depression  as 
compared  with  the  preceding  amount  of  elevation. 

Dr.  Hume  (loc.  cU,,  p.  239)  has  suggested  that  the  relative 
abundance  of  flint  nodules  may  have  had  some  relation  to  the  depth 
of  water  in  which  the  beds  were  laid  down,  and  he  points  to  the 
reduction  in  the  size  and  nxunber  of  the  flints  in  the  Ma/rsupites 
zone  as  possibly  coinciding  with  the  period  of  maxim  imi  subsidence. 
The  rarity  of  flinte  in  this  zone  is  not  invariable,  for  they  are  fairly 
abundant  and  of  moderately  large  size  in  these  beds  throughout 
Dorset  and  Wiltshire,  but  in  the  eastern  part  of  England  it  does 
seem  to  be  the  case  that  they  are  fewer  than  in  the  zone  below. 
In  Yorkshire  both  the  zone  of  Maraupites  and  that  of  Act, 
qtLodratus  are  flintless,  but  elsewhere  flints  are  of  regular  occur- 
rence in  the  latter  zone,  so  that  it  is  doubtful  whether 
the  relative  abimdance  of  flints  can  be  taken  as  having 
any  connection  with  a  supposed  decrease  in  the  number  of 
siliceous  sponges  beyond  a  certain  limit  of  depth. 


ADDENDUM. 

WTien  discussing  the  conditions  under  which  the  White  Chalk  was 
formed^  in  Chapter  XLVI,  of  Volume  II,  of  this  Memoir^  I  omitted  to  notice 
a  paper  by  Dr.  A.  S»  Woodward  on  "  The  AiUiquity  of  the  Deep^ea 
Fuh-FaunaJ^*  In  this  he  remarks  thai  ^^  among  ifshes  it  is  usually 
possible  to  distinguish  the  deep-sea  forms  by  their  comparatively  delicaie 
skeleton  or  by  their  attenuated  Jin-rays,  or  by  indications  of  a  great  develop- 
ment of  the  slime  canal-system  which  is  related  to  ihe  production  of  lumin- 
osity or  even  to  the  formation  of  special  luminous  organs.  Judged  by  these 
criteria  the  majority  of  the  deep-sea  fishes  of  the  Cretaceous  period  are  mare 
or  less  closely  related  to  the  Scopelcids  and  Berycoids,  which  still  form  so 
conspicuous  an  element  in  the  abyssal  fauna.  Ihey  are  best  known  thus  far 
from  the  Chalk  of  England  and  from  equivalent  deposits  in  JVestphdlia^ 
Bohemia,  DaJmatia  and  the  Lebanon."  He  refers  especially  to  Dercetis 
Echidnocephalus,  Istieus,  and  the  Berycoids. 


•  Natural  Science,  Vol.  XII.  p.  251 .  {1898). 
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CHAPTER  XXV. 

ECONOMIC    PRODUCTS    OF    THE    CHALK. 

1.  Building  Materials. 

Beer  Stone,— This  stone  is  only  quarried  near  the  village  of  Beer, 
in  Devonshire,  and  only  one  quarry  is  now  worked,  but  fonneriy 
there  were  others,  and  it  was  also  quarried  in  Hooken  Cliflf,  west 
of  Beer  Head,  where  the  old  adit  can  still  be  seen.  A  similar  stone 
was  formerly  worked  at  Sutton,  near  Widworthy,  eight  miles 
north  of  Beer,  and  was  known  as  Sutton  Stone ;  this  occupies 
the  same  stratigraphical  position  as  the  Beer  Stone,  and  is  im- 
doubtedly  an  outlying  remnant  of  the  same  bed,  but  it  has  not  been 
foimd  at  any  other  locality. 

The  thickness  of  the  best  beds  of  freestone  which  were  being 
quarried  west  of  Beer  in  1894  was  12  or  13  feet,  and  the  adit 
was  a  tunnel  of  more  than  that  height  opening  from  the  face  of  the 
quarry  into  the  large  subterranean  excavations.  The  stone  here 
seems  to  have  been  worked  from  the  open  quarry  until  the  head  of 
chalk  above  became  so  great  that  it  was  nec-essary  to  tunnel  for  the 
stone. 

Smeaton,  in  his  history  of  the  Eddystone  Lighthouse,  gives  an 
account  of  a  visit  which  he  paid  to  Beer  about  1750.  He  says  :  — 
"  I  first  visited  the  quarries  at  Beare,  near  the  south-east  comer 
of  Devonshire,  and  near  the  sea  coast.  I  found  the  bed  or  stratum 
of  freestone  worked  here  was  of  considerable  thickness,  and  with 
so  grea,t  a  cover  of  earth  upon  it  that  it  was  worked  in  underground 
cavities,  the  superincumbent  strata  being  supported  by  pillars 
formed  by  detached  parts  of  the  stratum  left  standing.  Here  the 
stone,  which  is  of  the  calcareous  kind  and  in  point  of  hardness 
and  texture  much  like  Bath  Stone,  but  whiter,  lies  in  so  soUd  and 
thick  a  bed  that  blocks  might  be  cut  out  from  it  of  any  size  required ; 
and  though  the  stratum  is  very  compact  (that  is,  free  from  figures), 
yet  it  is  of  so  soft  and  workable  a  nature  that  I  found  the  workmen 
sawing  out  blocks  from  the  general  mass  (or  posts)  with  carpenter's 
saws,  which  they  could  do  to  any  dimensions  required ;  and 
though  this  stone  was  capable  of  being  thus  wrought,  and  was  so  - 
free  to  the  tool,  yet  I  found  that  it  hardened  considerably  after 
being  exix)sed  to  the  weather,  as  was  manifest  by  the  biuldings 
that  had  been  erected  many  years  at  the  village  of  Beare." 

The  quarry  seen  by  Smeaton  is  an  old  one  not  now  worked, 
the  opening  to  which  is  on  the  south  side  of  the  lane,  and  ^oe&rly 
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opposite  the  existing  quarry  and  tunnel.  Smeaton's  aooount 
is  very  correct,  except  in  regard  to  its  comparison  with  Bath 
Stone,  which  is  of  ooUtic  structure,  whereas  Beer  Stone  appears 
to  consist  entirely  of  small  fragments  of  shell  very  uniform  in  siae. 
It  is  yellowish  in  colour,  hardens  much  on  exposure,  and  is  alto- 
gether much  stronger  than  Bath  Stone,  and  very  much  superior 
to  the  Caen  Stone  which  was  once  so  much  \ised  in  England. 

The  following  remarks  are  quoted  from  a  pamphlet  entitled 
"  OlMervations  on  Beer  Stone/'  by  P.  K  Masey,  Esq.,  Architect, 
and  printed  by  J.  Townsend,  Exeter,  1882  :— 

*'  The  stone  has  these  special  advantages— agreeable  appearance, 
fine  grain,  especially  fitting  it  for  delicate  carving,  and  easiness 
and  cheapness  of  working.  It  is  beyond  rivalr}'  the  cheapest  stone 
in  the  market.*  Its  durability  for  interior  work  is  undoubted, 
and  for  exterior  purposes  it  is  at  least  better  than  many,  and,  I 
think,  equal  to  any." 

As  regards  durability,  even  in  the  atmosphere  of  London,  Mr. 
Masey  instances  its  use  in  St.  Stephen's  Chapel,  Westminster,  the 
crypt  of  which  he  states  to  be  built  of  Beer  Stone,  not  of  Caen 
Stone,  as  believed  by  Mr.  C.  H.  Smith  and  others.  "  The  church 
of  St.  Pancras,  Exeter,  shows  its  resistance  to  deleterious  city  air 
for  GOO  years." 

In  medisBval  times  Beer  Stone  was  used  far  and  wide  throughout 
the  east  of  Devon  and  the  adjoining  parts  of  Somerset  and  Dorset, 
and  even  in  Hampshire,  as  in  Winchester  Cathedral,  where  Mr. 
Masey  identified  it  in  a  portion  of  William  of  Wykeham's  work  of 
the  fourteenth  century,  and  where  it  had  stood  well  in  an  exposed 
position  for  500  years.  He  also  remarks :— "  Beer  Stone  was  used 
in  the  cathedral  of  Exeter  from  the  Norman  period  downwards, 
mostly  for  interior  work  ....  In  the  cathedral  archives  the 
stone  is  mentioned  in  1427  to  1434,  and  the  stone  so  specified  is 
said  to  have  been  used  in  building  the  chapter  house."  Among 
other  churches  in  which  Beer  Stone  is  used  may  be  mentioned 
those  of  Charmouth,  Lyme  Regis,  Uplyme,  Chard,  Colyton,  Ax- 
minster,  Axmouth,  Seaton,  Branscombe,  Ottery  St.  Mary,  Honiton, 
St.  Lawrence  Clist,  Whimple,  and  Tallaton. 

With  respect  to  the  capacity  of  Beer  freestone  to  resist  strain 
and  stress,  experiments  were  made  in  1879  by  Mr.  David  Kirkaldy 
(of  99,  Southwark  Street,  London).  Twelve  specimens  of  the  stone 
of  four  different  dimensions  were  submitted  to  him  and  he  tested 
the  thrusting  stress  they  would  bear  with  the  following  resulte, 

*  I  am  informed  by  the  managing  director  of  the  Beer  Freestone  Com- 
pany at  Seaton,  Devon,  that  the  price  of  the  freestone  delivered  in  London 
is  Is.  6d.  per  cubic  loot,  and  elsewhere  at  proportionately  low  prices.  If 
the  demand  for  the  stone  increased  a  pier  could  be  erected  at  B^r  and 
water-carriage  employed  which  would  still  further  cheapen  the  stone. 

•      V.      ...    . 
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tlie  figures  given  being  the  mean  result  of  three  specimens  of  each 


size :— 


Dimensiot  B. 

Slightly  Cncked. 

Crushed. 

Stisst. 

Per  sq.  inch. 

Per  sq.  foot. 

Stress. 

Per  sq.  inch. 

Per  sq.  foot. 

Inches. 

6x6x6 
12x6x6 
18x6x6 
24x6x6 

lbs. 
76,880 
60.706 
70,166 
66,660 

lbs. 
2,106 
1,088 
1.988 
1,874 

Tons. 
186*4 
124*6 
124*8 
120*6 

lbs. 
00,880 
84  718 
87,908 
88,666 

lbs. 
2,622 
2,866 
2,424 
2,862 

Tom. 
162*1 
161*4 
166*8 
1611 

In  comparison  with  other  stones  of  a  similar  character,  Mr. 
Masey  gives  the  following  particulars  :— 
^  lbs. 

Of  Deer  Stone,  a  cube  one  inch  square  bears  a  stress  of  2*106. 

Of  Portland  Stone,  a  cube  one  inch  square  bears  a  stress  of  2*125. 

Of  Bath  Stone,  a  cube  one  inch  square  bears  a  stress  of  1*275. 

Of  (7ae/i  Stone,  a  cube  one  inch  square  bears  a  stress  of 

(ranges  from)  '577. 

From  these  facts  it  would  appear  that  in  regard  to  strength  Beer 
Stone  is  practically  equal  to  Portland  Stone,  and  very  much  stronger 
than  Bath  Stone  or  Caen  Stone.  A  six-incdi  cube  of  Beer  Stone  can 
be  seen  in  the  Museum  of  Practical  Geology. 

Totternkoe  Stone.—Jn  former  days  this  stone  (see  Vol.  n.)  was 
largely  worked  at  Totternhoe,  in  Bedfordshire,  and  it  is  still  occa- 
sionally quarried  for  building-stone  both  at  Totternhoe  and  at 
other  places  along  its  outcrop  in  Hertfordshire,  Bedfordshire,  and 
Cambridgeshire.  It  is  eminently  suitable  for.  inside  work,  such 
as  vaulting  and  moulding,  being  light,  soft,  and  easily  worked 
when  fresh,  and  lasting  very  well  when  protected  from  rain  and 
frost.  For  outside  carved  work  it  is  not  suitable,  as  may  be  seen 
by  a  glance  at  the  worn  and  broken  state  of  the  fine  west  front 
of  Dunstable  Priory  Church.  For  plain  walls,  however,  it  is  a 
sufficiently  durable  stone. 

Totternhoe  stone  is  a  fine-grained  grey-coloured  limestone, 
rather  rough  to  the  touch,  but  not  really  sandy,,  its  roughness 
being  due  to  the  minute  fragments  of  shell  which  enter  largely 
into  its  composition. 

Totternhoe  Stone  is  still  employed  occasionally,  especially  for 
interior  mouldings,  but,  so  far  as  I  am  aware,  it  is  now  only 
quarried  at  Totternhoe  in  Bedfordshire,  Arlesey  near  Hitchin, 
and  Burwell  in  Cambridgeshire. 

At  Totternhoe  the  best  stone  is  in  two  beds,  each  about  4  feet 
thick,  and  can  be  worked  as  a  freestone,  but  the  beds  are  traversed 
by  joint  planes,  which  divide  them  into  cubical  blocks ;  masses 
weighing  a  ton  can  be  obtained.    The  upper  beds  (9  feet  thick) 
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are  less  hard,  and  do  not  stand  weather  so  well  as  the  middle  beds, 
and  the  lower  beds  are  in  thinner  courses.  The  stone  is  now  only 
worked  in  the  open  quarry,  but  formerly  adits  were  driven  into 
the  hill  along  the'outcrop  of  the  stone.. 

Totternhoe  Stone  has  been  used  in  the  construction  of  many 
of  the  churches  in  the  neighbouring  parts  of  Bedfordshire,  Hert- 
fordshire, and  Buckinghamshire.  It  is  eminently  suitalDle  for 
carved  and  moulded  work  inside  such  edifices,  lasting  well  if 
preserved  from  the  weather.  Mr.  J.  Saunders,  of  Luton,  informs 
me  that  the  tower  of  the  parish  church  of  Luton  is  built  chiefly 
of  alternate  cubes  of  Totternhoe  Stone  and  black  flint.  It  has 
also  been  employed  in  Woburn  Abbey,  in  Fonthill  House  (Wilts),  at 
Ashridge,  and  for  the  organ  screen  in  Peterborough  CathedriJ.* 

The  following  description  of  the  working  of  the  stone  at  Tottern- 
hoe is  from  a  work  by  P.  Kalm,  in  which  he  gives  an  accoimt  of 
his  visit  to  England  in  1748,  on  his  way  to  America.f  Mr.  Joseph 
Lucas  translated  this  work  into  English,  in  1892  J  but  it  is  from 
the  MS.  which  he  kindly  lent  me  before  publication  that  this 
account  is  taken  :— 

"  This  freestone  is  dug  deep  under  the  hills.  Here  were  three 
places,  where  they  had  formerly  hewn  the  same,  and  where  adits 
down  at  the  foot  of  the  hill  went  far  under  the  earth,  or  the  Chalk 
hill.  I  was  as  far  in  as  the  ends  of  two,  one  of  which  went  as 
far  as  40  poles  (=660  feet).  ...  At  the  entrance  the  adit 
was  walled  for  about  12  feet,  to  keep  it  free  from  sUps.  After 
getting  about  40  feet  into  the  mine  there  was  no  more  daylight, 
but  it  was  coal-black  darkness,  as  of  night.  The  breadth  of  these 
adits  underground  was  for  the  most  part  6  feet,  the  height  7  feet. 
.  .  .  The  water  now  trickled  down  everywhere  through 
the  roof,  or  vault  of  the  adit,  from  the  hill  above  .  .  .  Both 
roof  and  walls  were  very  uneven,  for  sometimes  the  sides  pro- 
jected and  sometimes  went  in  hollows.  .  .  .  The  adits  .  .  . 
went  most  horizontally,  yet  they  sloped  a  little  down  in  some 
places.  On  both  sides  of  the  main  adit  there  went  other  adits, 
Doth  at  acute,  right  and  obtuse  angles ;  so  that  if  the  entrances 
of  all  these  cross-galleries  had  been  open  there  would  have  been, 
to  one  unacquainted  with  them,  the  worst  labyrinth  and  maze 
there  could  possibly  be ;  but  these  adits  were  now  mostly  filled 
up  with  the  loose  bits  of  freestone  which  had  been  broken  oflF  in 
the  process  of  hewing. 

"  The  stone  divided  itself  here  in  the  mine  all  in  cracks  or 
fissures,  which  all  went  firom  above  downwards  more  or  less 

*  See  Report  on  the  Selection  of  Stone  for  the  New  Houses  d  Parliament^ 
1839. 

t   En  Resa  til  ^orra  America Tom.  i.  pp.  288-293. 

Stockholm,  1753/ 

;  **  Kalm's  Visit  to  England/*  pp.  292-296  (Macmillan). 
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perpendicularly,  but  no  iSssures  ever  ran  horizontally  or  very 
obliquely,  which  was  the  unanimous  account  of  the  workmen. 

"  These  fissures  were  sometimes  broad,  six  inches  wide  or  more, 
sometimes  quite  narrow,  but  nearly  all  very  deep,  so  that  a  stick 
four  feet  long  could  be  stuck  into  them  without  reaching  the  end 
of  them. 

"  These  stones  naturally  clear  each  other  perpendicularly  on 
all  sides,  and  form  as  it  were  perpendicular  sides  of  cubes  and 
oblongs,  but  they  are  never  naturally  divided  horizontally  [in 
other  words,  the  planes  of  bedding  do  not  show,  whilst  the  Joint- 
planes  are  marked],  but  all  horizontal  division  must  be  effected 
artificially.  When  the  workmen  wish  to  have  a  stone  broken 
horizontally  .  .  .  they  hew  with  their  picks  a  horizontal  line 
where  they  wish  it  to  be  divided,  and  then  knock  wedges  of  iron 
into  it,  by  which  they  spring  it  loose  horizontally  to  any  thick- 
ness they  please.    ... 

"  The  stone  down  in  the  mine,  and  when  it  was  first  hewn, 
was  of  a  grey  .  .  .  colour,  and  so  soft  that  it  could  be  cut 
with  a  knife  as  easily  as  a  hardened  or  dry  pot-clay  .  .  .  but 
when  it  had  come  up  to  the  day  and  lain  for  a  time  in  the  open 
air  it  became  very  white,  although  not  q^uite  so  white  as  chalk,  for 
it  could  be  seen  that  there  was  a  considerable  difference  it  one 
wrote  with  a  piece  of  chalk  on  a  wall  built  of  this  stone.  .  .  . 
Similarly,  it  has  also  the  property  that  after  it  has  come  into  the 
open  air  it  always  hardens  more  and  more.  .  .  .  Hence  it  is 
that  as  soon  as  it  comes  out  of  the  mine  or  stone-pit  it  is  worked 

.    .    while  it  is  still  soft. 

"  We  also  noticed  the  occurrence  of  nodules  of  pyrites  (Crow's 
gold)  and  of  shells  in  the  Ftone,  and  that  it  was  used  not  only  as 
a  building  stone,  but  also  *for  window-frames  and  door-posts,  and 
arches  over  fire-places,  windows,  and  doors  for  several  kinds  of 
pedestals  and  pillars,  the  bottoms  of  baking  ovens,  etc.* " 

Ordinary  Chalk, — Besides  the  recognised  building  stones  of 
Beer  and  Tottemhoe,  ordinary  firm  chalk  taken  from  the  Lower 
or  Middle  stages  of  the  formation  has  been  used  for  building 
purposes  in  many  parts  of  England.  I  have  seen  square  blocks 
of  chalk  used  in  the  outside  walls  of  houses  and  cottages  in 
Norfolk,  Suffolk,  Cambridge,  Herts,  and  Dorset,  and  some  of 
them  have  stood  the  weather  very  well. 

The  following  letter,  written  bv  Mr.  C.  B.  Rose,  on  February  4, 
1830,  to  Mr.  S.  Woodward,  of  Norwich,  has  been  published  by 
the  grandson  of  the  latter  (Mr.  H.  B.  Woodward),  and  relates  to 
the  use  of  chalk  in  Swaffham,  in  Norfolk : — 

"From  an  examination  of  the  monastic  and  castellated 
remains  of  this  neighbourhood,  it  appears  to  have  been 
extensively  used  for  inside  work,  not  merely  for  the  inner  walls 
dividing  tne  building  into  apartments,  but  the  inner  portion  of 
the  outer  walls.  The  walls  of  the  Castle,  at  Castle  Acre,  are  con- 
structed of  chalk,  cased  exteriorly    with  flint  or  other    less 
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perishable  material  Chalk  still  continues  to  be  employed  in  the 
construction  of  bams,  cottages,  fitrmhouses,  garden  walls,  etc. 
The  hard  grey  chalk  (that  without  flint)  is  to  be  preferred,  but 
the  chalk  with  veins  of  flint  is  occasionally  used  and  foimd  to 
answer;  walls  constructed  of  it  remain  damp  a  long  time,  I 
believe.  It  is  necessary  that  the  mortar  is  of  tne  best  quality,  to 
ensure  the  durability  of  the  building ;  and  equally  necessary  that 
the  wet  should  be  prevented  from  insinuating  into  the  wort ;  for 
instance,  to  insiure  the  durability  of  a  wall,  it  is  necessary  to 
have  a  good  coping  of  brick  or  tile  to  protect  the  upper  surface. 

"  The  method  of  using  the  chalk  is  as  follows :  It  is  raised 
by  Quarrymen  in  largish  masses,  and  allowed  to  weather ;  the 
haraest  and  that  without  flaws  (for  some  portions  are  disposed  to 
part  into  laminae  by  the  frost)  is  chosen,  and  squared  into  the 
torm  of  a  brick,  but  somewhat  longer  and  about  twice  the  thick- 
ness [of  ordinary  bricks] ;  these  forms  are  then  used  as  if  they 
were  bricks,  for  the  outer  and  inner  layers  of  the  work,  the  space 
between  being  filled  with  irregular  fragments  " 

Mr.  Hill  and  I  found  the  lower  part  of  the  Middle  Chalk  being 
quarried  partly  for  building  stone  in  1886  at  North  wold,  in  West 
Norfolk,  and  were  informed  that  many  houses  in  that  village  had 
been  built  of  it ;  also  that  it  stood  weU  if  dug  and  squared  m  the 
early  part  of  the  simimer,  and  then  allowed  to  get  thoroughly 
dry  before  being  used. 

Mr.  Skertchly  foimd  that  the  chalk  obtained  from  a  quarry  by 
the  river  about  two  miles  west  of  Brandon  was  used  for  walling 
purposes,  being  a  moderately  hard  chalk  (probably  Middle 
Chiuk) ;  the  same  is  the  case  with  the  chalk  near  Hilborough. 

Of  the  Lower  Chalk  quarried  at  Marham,  in  the  same  county, 
Mr.  R  C.  Taylor  has  said  that  it  is  "  sufficiently  hard  for  building, 
the  church,  the  adjoining  abbey,  and  a  tomb  within  the  church, 
with  recumbent  figures,  having  been  principally  constructed  ot 
this  material."*  (For  the  quarries  at  Marham,  see  Vol  II., 
p.  212.) 

Mr.  H.  W.  Bristow,  writing  in  1862  of  the  northern  part  of 
Hampshire  says, ;  "  The  chalk  is  used  in  the  form  of  lime,  both 
for  biiilding  and  agricultural  purposes,  while  the  harder  beds  are 
used  for  buildings,  locally,  in  all  parts  of  the  county."+ 

Mr.  Hill  found  the  upper  part  of  the  Middle  Cnalk  being 
quarried  for  building  material  on  the  north  bank  of  the  Thames 
at  Medmenham  in  1899  (see  p.  212.) 

Flintvxyrk — Flints  have  been  used  from  very  early  times  not 
only  in  the  construction  of  simple  walls  but  in  edifices  of  various 
kinds,  and,  as  Mr.  Whitaker  has  remarked,  *•  they  probably  form 
the  most  lasting  material  in  the  kingdom.  They  may  be  seen,  in 
the  rough  state,  in  Roman  work,  as  near  St  Albans,  and  in  many 
old  churches  of  various  dates ;  but  they  are  also  used  with  better 
eflect  after  having  been  dressed  to  a  flat  rectangular  surface,  of 

♦  Trana.  Geol.  Soc.,  Ser.  2,  Vol  i.  p.  378  (1824). 

t  Explanation  of  Sheet  12,  Mem.  Geol.  Survey,  p.  18  (1862). 
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which  there  is  a  good  example  in  the  exquisite  Uttle  Decorated 
church  of  Shottesbrooke,  in  Berkshire."* 

When  used  in  the  rough  for  walls,  weathered  flints  picked  off 
the  surface  of  the  land,  or  taken  from  flint  gravels,  are  just  as 
good  if  not  better  than  fresh  flints,  but  for  faced  work  it  is 
necessary  to  get  fresh  flints  from  the  chalk,  as  these  can  be  split 
more  readily  in  any  required  direction,  and  black  flints  have 
generally  been  selected  for  this  purpose. 

Facea  flints  are  often  arranged  in  patterns  and  frequently  in 
squares,  alternating  with  blocks  of  stone,  the  contrast  of  black 
flmt  and  light  coloured  stone  having  a  good  effect.  The  county 
of  Norfolk  IS  renowned  for  its  flint  work,  which  can  be  seen  in 
many  of  its  churches  and  older  buildings.  The  old  Bridewell,  by 
St.  Andrew's  Church,  Norwich,  erected  about  1400  A.D.,  is  a  fine 
specimen  of  flintwork,  of  which  Blomefield,  writing  in  the  middle 
of  last  century,  says  that  it  is  **  esteemed  the  most  curious  wall  of 
black  flints  in  all  I]ngland  for  its  neat  work  and  look,  the  stones 
being  broken  so  smooth  and  joined  so  well." 

Mr.  S.  B.  J.  Skertchly  remarks  that  in  some  of  the  Norwich 
churches  the  faced  flints  have  been  "  very  cleverly  worked  to  fit 
into  freestone  tracery  of  the  Decorated  style."f 

Land- flints  and  gravel  flints  are  still  used  not  only  for  garden 
walls  but  for  the  walls  of  churches  and  other  buildings.  A  very 
recent  instance  of  such  construction  is  the  church  at  Shembome, 
in  Norfolk,  which  has  been  completely  restored  at  the  expense  of 
the  Prince  of  Wales,  on  whose  property  it  stands.  The  restoration 
wiis  couipleted  in  1898,  and  the  vicar  informs  me  that  many  of  the 
flints  were  in  the  old  church,  and  that  the  rest  were  obtained  from 
the  gravel  pits  at  Bircham ;  the  walls  are  built  almost  entirely  of 
them,  only  a  few  pieces  of  "  ironstone  "  (?  carstone)  being  used 
here  and  there. 

A  considerable  trade  in  building  flints  is  still  carried  on  at 
Brandon,  as  a  survival  of  the  former  trade  in  gun-flints.  The 
following  remarks  are  quoted  from  Mr.  S.  B.  J.  Skertchly*s  memoir 
on  Gun-flints,  J  and  were  written  in  1876 — "  The  cores  from  which 
flakes  have  been  struck  are  slightly  worked  up  to  form  building 
stones,  or  builders,  as  they  are  more  commonly  called.  From 
their  mode  of  formation  they  taper  towards  the  end ;  but  they  are 
worked  to  a  level  face,  if  possible,  but  if  any  projection  exists  on 
the  face  it  is  struck  oiF  and  is  then  called  a  '  chip  back/  because 
it  has  been  chipped  back  to  a  level  face.  These,  however,  are 
not  considered  so  good  as  those  which  have  a  smooth  face  struck 
by  a  single  blow  of  the  quartering  hammer.  ^Builders'  are  known 
under  the  following  designations : — 

1.  Square  black- faced  builders. 

2.  Square  mixed  coloured  builders. 

3.  Round  black  builders. 

*  Geology  of  London,  p.  500,  Mem.  Geol.  Survey  (1889). 

t  Manufacture  of  Gun-flints,  p.  35,  Mem.  Geol.  Survey  (1879). 

I  On  the  Manufacture  of  Gun-flints,  p.  34,  Mem.  OeoL  Survey  (1879). 
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4.  Bound  mixed  coloured  builders. 

5.  Random  faced  builders. 

6.  Rough  builders. 

7.  Lana  Stones. 

'*  The  first  four  are  made  to  size  as  ordered,  but  this  size  is 
arbitrary,  the  fifth  are  called  '  randoms/  because  they  are  of  any 
size,  ana  are  not  assorted.  The  two  last  are  not  cores ;  No.  6  are 
irregular  pieces  broken  from  the  quarter  [the  quartering  or  first 
breaking  of  the  large  flints] ;  No.  7  are  merely  stones  picked  from 
the  surface  of  the  ground  and  built  into  walls  without  any  dressing 

"These  flints  make  a  very  durable  and  nice-lookinc  wall. 
Many  of  the  houses  in  this  district  [i.e.,  Brandon  and  neignbour- 
hood]  are  built  of  them,  and  when  the  quoining  is  of  brick  the 
appearance  is  quite  attractive,  and  possesses  none  of  the  heavy 

look  that  might  have  been  expected The  trade  in 

*  builders  *  is  steadily  increasing,  and  their  durability  and  effective- 
ness, combined  with  small  cost,  bid  fair  to  give  them  a  more 
extensive  sale  than  has  hitherto  been  their  lot. 

"  The  prices  in  the  town  at  present  (1879)  are : — 

For  the  first  four  kinds,  4s.  per  100. 
For  random  faced  kinds,  3s.  per  100. 
For  rough  builders  3s.  6d.  to  5s.  per  ton. 

In  Suffolk,  mixed-coloured  builders  are  preferred  to  black  ones." 

Specimens  of  all  these  kinds  of  faced  flints  are  preserved  in 
the  collection  of  building  stones  in  the  Museum  of  Practical 
Geology.  It  is  customary  tor  the  maker  to  mark  his  initials  and 
the  date  on  one  or  more  of  the  flints  supplied,  and  Mr.  Skertchly 
states  that  on  All  Saints  Church,  Icklingham,  Suffolk,  the  follow- 
ing marks  are  seen  : — 

J  B.  (James  Benstead)  1806. 
H.  A.  (Henry  Ashley)  1865. 

The  marking  is  done  by  a  series  of  small  indentations  made  by 
sharp  rebounding  blows  on  a  punch,  each  blow  driving  out  a 
little  bulb  of  flint. 

Near  Norwich,  many  old  workings  and  galleries  have  been 
found  in  the  chalk,  maae  evidently  for  the  purpose  of  extracting 
fresh  flints.  One  of  these  was  found  in  1823,  near  St.  Giles'  Gate 
and  was  described  by  Mr.  G.  W.  Featherstonhaugh  as  consisting 
of  various  galleries  about  8  feet  in  height,  from  2  to  5  feet  in  breadth, 
and  occupying  a  total  length  of  4,600  feet.  It  is  believed  "  that 
the  object  of  this  particular  working  was  toextract  the  flints  which 
were  used  in  great  quantity  in  the  construction  of  the  ancient 
buildings  anil  walls  of  Norwich ;  for  upon  reopening  the  original 
entrance,  which  had  been  blocked  up  \\ath  ruins,  the  date  1571 
with  the  name  of  one  of  the  workmen  was  found  written  on  the 
side  of  the  cavern,  a  year  which  was  stated  by  Mr.  Featherston- 
haugh to  correspond  with  a  period  when  the  walls  of  the  city  ar^ 
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known  to  have  been  repaired  with  flints  and  various  buildings 
formed  of  them/'  * 

Lime  and  Cement. 

Lime.— In  the  eastern  and  southern  parts  of  England  chalk 
has  been  very  largely  ucied  for  burning  into  lime.  All  portions  of 
the  chalk  have  been  quarried  and  employed  for  this  i)urpo8e,  but 
there  is  a  great  difference  in  the  qualities  of  the  limes  made  from 
different  kinds  of  chalk.  The  soft  pure  chalks  such  as  make  up 
the  greater  part  of  tbe  Middle  and  Upper  Chalk  make  what  is  called 
a  "  li^ht  '*  lime,  or  '*  common  chalk  lime '' ;  while  the  Chalk  Rock, 
the  Melbourn  Bock,  and  most  paH  of  the  Lower  Chalk  make  much 
stronger  limes,  that  made  from  some  parts  of  the  Ijower  Chalk 
being  equal  to  the  l^est  "  stone  lim^.*' 

A  cubic  foot  of  pure  chalk,  such  jis  is  obtained  at  Chatham 
and  Stroud,  W3ighs  when  perfectly  dry  about  90  lbs.,  but  when  it 
is  broken  into  small  pieces  for  burning,  a  cubic  foot  measure  will 
only  contain  about  63  lbs.  of  the  same  chalk.  This  63  lbs.  of  dry 
chalk  will  make  about  35  lbs.  of  quicklime.f  The  dry  quicklime 
thus  produced  by  burning  chalk  in  a  kiln  will  slake  if  a  certain 
quantity  of  water  be  added  to  it,  that  is,  it  will  become  very  hot  and 
fall  to  pieces,  forming  a  fine  white  powder.  If  required  for  mortar 
thia  powder  is  mixed  with  sand  and  an  additional  quantity  of 
water. 

The  lime  made  from  pure  white  chalk,  however,  does  not  form 
a  good  lasting  mortar,  and  the  mortar  so  made  is  only  suitable  for 
inside  work  and  not  for  foundations  or  outside  walls.  It  is  the 
Lower  Chalk  which  has  yielded  the  best  and  strongest  limes,  and 
many  large  quarries  have  been  openrd  along  the  foot  of  the  North 
Downs  for  the  establishment  of  limekilns,  as  in  the  Medway  Valley, 
at  Merstham,  Betch worth,  and  Dorking.  The  lime  from  these 
places  slakes  more  slowly  than  that  made  from  purer  chalks,  and 
makes  a  stronger  moi*tar.  wh'cbB3ts  harder  and  resists  damp  much 
l^ettor. 

Cemeat.—Ol  late  years  a  large  industry  has  been  established 
in  the  making  of  Portland  Cement  from  chalk-marl  in  the  district 
b3tween  Hitchin  and  Cambridge. 

To  explain  the  rapid  development  of  this  industry  some  re- 
marks on  the  composition  and  manufacture  of  Portland  Cement 
are  necessary.  This  information  has  been  obtained  chiefly  from 
the  anonymous  work  on  "Building  Construction,"  Part  III. 
Materials,  published  by  Messrs.  Rivington  and  Co. 

Portland  Cement  '*  is  so  called  from  a  fancied  resemblance  in 
its  colour  to  Portland  Stone."    It  is  made  either  from  natural 

*  Proc.  Geol.  Soc.,  Vol.  i.  p.  35 ;  and  Geology  of  Norwich,  Mem.  Geol. 
Survey,  by  H.  B.  Woodward,  F.R.S.,  p.  29  (1881). 

t  Observations  on  Litnes,  O meats,  etc,  by  Major-Gcneral  Pasley, 
p.  4  (1847). 
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stones  or  marls  which  contain  the  required  mixture  of  ingredients, 
or  from  an  artificial  admixture  of  these  ingredients.  These  in- 
gredients are  from  60  to  80  per  cent,  of  carbonate  of  lime  with 
20  to  40  per  cent,  of  clay. 

Natural  Portland  Cement  was  until  recently  made  from  the 
burning  of  the  large  "  cement  stones  "  or  calcareous  concretions 
which  are  found  in  so  many  Jurassic  clays,  such  as  the  lias,  the 
Oxford  clay,  and  the  Kimeridge  clay.  Most  of  those  found  in 
England  contain  a  large  proportion  of  clay  (30  or  32  per  cent.),  are 
burnt  at  a  low  temperature,  and  jdeld  a  quick-setting  cement  of  no 
great  ultimate  strength.  Stones  containing  a  lower  proportion  of 
clay  (about  22  per  cent.)  occur  in  the  Kimeridge  clay  of  Boulogne, 
and  in  the  Lias  near  Rugby ;  these  are  strongly  burnt  and  yield 
a  heavy,  slow-setting  cement  of  much  greater  value. 

Artificial  Portland  Cement  is  made  in  two  ways.  That  hitherto 
best  known  is  manufactured  on  the  banks  of  the  Thames  and 
Med  way  from  a  mixture  of  pure  Upper  Chalk  and  Alluvial  Clay, 
three  volumes  of  chalk  being  mixed  with  one  volume  of  clay,  the 
mixture  containing  about  76  or  77  per  cent,  of  carbonate  of  lime 
and  from  23  to  26  per  cent,  of  argillaceous  matter.  The  ingre- 
dients are  mixed  together  with  water  in  a  wash-mill,  and  are  run 
oflf  into  tanks  as  "  slurry." 

In  other  parts  of  the  country  cement  is  made  from  hard  lime- 
stone and  burnt  shale  or  clay,  the  limestone  being  crushed  and 
mixed  in  proper  proportion  with  the  burnt  clay  ;  the  two  are  then 
ground  to  a  fine  powder,  which  is  made  into  bricks  and  burnt, 
and  then  ground  again  into  powder. 

Some  portions  of  the  Chalk  Marl  in  Hertfordshire  and  Cam- 
bridgeshire contain  just  about  the  requisite  amounts  of  clay  and 
calcium  carbonate  to  make  a  good  cement,  and  when  cement 
works  were  first  established  the  marl  was  used  without  any  admix- 
ture. It  was  found,  however,  that  the  quality  of  the  cement  so 
made  was  very  variable,  and  that  this  was  due  to  the  great  varia- 
bility of  the  composition  of  the  marl,  some  layers  or  portions  con- 
taining much  less  lime  than  others.  Consequently,  it  has  been 
necessary  to  have  analyses  made  of  different  parts  of  the  Chalk 
Marl,  and  to  supply  any  deficiency  of  bme  by  adding  a  due  pro- 
portion of  some  purer  kind  of  chalk.  Hence  most  of  the  cements 
now  turned  out  would  come  under  the  head  of  Artificial  Cement. 

Between  Hitchin  and  Cambridge  there  are  now  no  fewer  than 
seven  cement  works,  these  being  at  Arlesey,  Meldreth,  Shepreth 
(two),  Barrington,  Hauxton,  and  Cambridge. 

Chalk  Marl  cement  was  first  manufactured  at  the  Arlesey 
Brickworks,  now  the  Arlesey  Brick  and  Cement  Works,  near 
Hitchin,  and  I  am  indebted  to  the  manager  of  this  company, 
Mr.  Noel  Shilleto,  for  an  account  of  %h^  materials  used  and  the 
process  employed  at  these  works. 
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The  marl  is  obtained  from  the  quarry  in  which  the  Totternhoe 
Stone  is  exposed,  and  is  consequently  the  highest  part  of  the  Chalk 
Marl.  From  the  description  given  in  Vol.  LL  p.  188  it  will  he  seen 
that  two  kinds  of  marl  are  found  here,   an  upper  grey  marl 

and  a  lower  blue  marl ;  these  differ  considerably  in  their  com- 

•  •  •' 

position,  as    appears  from    the    following    analyses  which  Mr. 
Shilleto  has  kindly  supplied:  — 


Lower 
Marl. 

Upper 
Marl. 

Insoluble  siliceous  matter      -        -       -        -        . 

Carbonate  of  lime 

Alumina 

Oxide  of  iron 

Or<?anic  matter,  etc.      -       -        •        -        -        . 

28-65 

57-93 

7-68 

2-07 

3-67 

20-08 

73-94 

3-90 

1-58 

100-00 

99-50 

Mr.  Shilleto  states  that  the  composition  of  the  lower  marl  is 
variable,  and  that  an  analysis  of  the  upper  pai-t  of  it  gave  66*5 
per  cent,  of  carbonate  of  lime.  The  analysis  above  given  was 
that  of  a  sample  from  the  lowest  part. 

More  complete  and  accurate  analyses  by  Mr.  R.  A.  Berry  have 
been  given  in  Vol.  II.  p.  335. 

At  the  present  time  (1894)  cement  is  being  made  from  the 
upper  (grey)  marl  just  below  the  Totternhoe  Stone,  but  the  lower 
(blue)  marl  is  equally  good  for  the  purpose,  requiring  only  a  larger 
admixture  of  pure  chalk. 

The  marl  is  mixed  with  Tipper  Chalk  obtained  from  Kneb- 
worth,  south  of  Stevenage,  only  a  small  amount  being  required 
in  the  case  of  the  upper  marl ;  the  mixture  is  made  into  a  slurry 
with  water,  dried  artificially,  and  then  burnt. 

All  the  Cambridgeshire  Cement  Works  get  their  marl  from 
the  lowest  part  of  the  Chalk  Marl,  some  of  them  working  to  within 
10  or  15  feet  of  the  **  coprolite  bed  "  at  the  base.  It  is  a  curious 
circumstance  that  this  lower  Chalk  Marl  is  more  calcareous  than 
the  blue  marl  of  Arlesey,  containing  on  an  average  about  70  per 
cent,  of  calcium  carbonate.  It  is  probable  that  a  similarly  cal- 
careous greyish-marl  occurs  below  the  blue  marl  at  Arlesey,  but 
it  has  not  yet  been  sought  for. 

I  am  indebted  to  Mr.  G.  P.  Gildea,  of  Shepreth,  for  some  par- 
ticulai-s  of  the  manufacture  of  cement  from  the  marl  at  the  Rhee 
Valley  Cement  Works  at  that  place.  The  works  are  about  300 
yards  N.N.W.  of  Shepreth  Station,  and  the  marl  is  from  depths 
of  from  6  to  30  feet  from  the  surface.  The  marl  is  by  no  means 
homogeneous,  and  samples  from  different  depths  always  yield 
different  amounts  of  calcium  carbonate.    Mr.  Gildea  had  analyses 
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made  from  sampleB  taken  at  every  five  feet,  with  the  following 

results,  6  feet  of  soil  and  subsoil  bemg  first  removed  :^ 

Depth  in  feet  from  surface  Percentage  of 

of  exposed  marl.  CaCos. 

1 69-88 

5 69-45 

10        -        -        -        -        -  68-6U 

15 68"  16 

21 76-31 

25 75-45 

30 72-40 

This  lowest  sample  is  about  10  feet  above  the  "ooproUte  bed." 
The  amounts  of  the  calcium  carbonate  were  calculated  from  the 
determination  of  the  carbonic  acid,  and  consequently  include 
any  small  amount  of  magnesium  carbonate  that  may  exist,  but 
this  is  not  likely  to  exceed  1  per  cent,  in  any  case.  It  will  be 
noticed  that  the  amount  of  carbonate  in  the  upper  15  feet  varies 
only  between  68  and  70  per  cent.,  but  that  between  15  and  20  feet 
down  the  proportion  rises  to  76  per  cent. ;  the  decrease  in  the 
lowest  sample  is  probably  owing  to  the  large  amount  of  quartz- 
grains,  and  not  to  any  increase  of  clay. 

Mr.  Gildea  was  the  first  to  ascertain  the  existence  of  these  varia- 
tions, and  to  devise  a  means  of  securing  a  constant  strength  in  the 
cement  made  from  such  variable  material.  His  plan  is  to  dig 
marl  down  to  a  certain  depth,  and  in  such  quantity  as  to  jield 
a  mixture  containing  about  71  per  cent,  of  carbonates ;  this  is 
mixed  with  a  due  proportion  of  a  soft  greyish  chalk,  obtained 
from  a  quarry  south-east  of  Foxton,  and  containing  about  91  per 
cent,  of  calcium  carbonate.  The  mixture  is  then  ground  to  a  fine 
powder,  so  as  to  ensure  its  being  of  a  homogeneous  texture,  this 
is  mixed  with  water  in  a  wash-mill,  whence  it  runs  off  as  "  slurry," 
and  finally  dried  and  burnt  in  the  usual  way. 

The  following  more  complete  analyses  of  Chalk  Marls  made  by 
Mr.  Henry  Bassett  have  also  been  comnmnicated  by  Mr.  Gildea, 
the  fii-st  being  from  his  Shepreth  Works,  and  the  second  from 
Mr.  Colchester's  Cement  Works  at  Hauxtoii,  near  Cambridge  :— 


Shepreth. 


Hauxton. 


Clay  and  Silica  (insoluble) 
Oxide  of  iron  and  Alumina 

Lime    "        "  '        " 

Magnesia     -  -        - 
Carbonic  Acid 

Sulphuric  Acid  - 

Alkalis  and  loss  - 


18-10 
7-00 

41-10 
not  detd. 

30*80 
not  detd. 


22-20 

2-50 

41-34 

•36 

31-40 

12 

2-08 


Both  of  them  contain  about  70  per  cent,  of  calcium  carbonate. 
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Chalk  as  a  Land  Drkssino. 

In  former  days  chalk  was  very  lai'gely  emjJoyed  as  a  top-dressing 
on  all  soils  that  were  deficient  in  lime,  both  on  clay  lands  as  well 
as  on  gravelly  and  sandy  soils.  There  is  no  doubt  that  such 
soils  have  benefited  very  much  from  its  use,  and  though  other 
applications  are  now  more  in  vogue  it  is  still  employed  with 
advantage  in  many  parts  of  the  eastern  counties. 

Mr.  Whitaker  has  remarked,  *'  in  the  tracts  where  there  is 
much  of  the  superficial  deposit  known  as  '  clay  with  flUmts,'  this 
application  to  the  land  used  to  be  very  general,  and  though  some- 
times the  chalk  was  brought  from  a  pit,  the  usual  method  was  to 
sink  shafts  in  the  field  and  work  the  chalk  in  short  galleries  there- 
from. I  have  been  told  in  Berkshire  that  one  dressing  serves 
f<M*  about  twenty  years."* 

A  good  instance  of  the  value  of  such  treatment  came  under 
my  notice  in  1885,  with  reference  to  the  land  round  Britwell 
Prior  in  Oxfordshire,  which  consists  of  rough  flint  gravel  to  some 
depth,  but  underlain  by  chalk.  I  was  informed  that  early  in 
this  century  all  this  gravel-land  was  open  heath,  covered  with 
furze,  fern,  and  heather,  and  that  no  corn  could  be  grown  on  it, 
till  Mr.  Bulford  adopted  the  plan  of  sinking  pits  through  the 
gravel  to  the  underlying  chalk,  getting  up  a  considerable  quantity 
of  the  chalk,  and  strewing  it  over  the  land,  after  the  furze  had 
been  burnt  off  and  the  land  broken  up.  Experiments  proved 
that  when  this  had  been  done  good  crops,  both  of  wheat  and 
barley,  could  be  grown,  and  gradually  all  the  heath-land  has 
been  brought  under  cultivation. 

In  Hertfordshire  and  Bedfordshire  it  was  formerly  a  regular 
practice  to  chalk  the  clayey  and  gravelly  soils,  which  are  so  pre- 
valent in  those  counties  on  the  chalk  area,  and  there  ai'e  a  few 
places  where  shafts  leading  down  into  bell-shaped  pits  are  still 
opened  for  this  purpose.  A  century  ago  they  were  more  numerous, 
and  have  been  well  described  by  Mr.  Walker  in  his  Report  on  the 
Agriculture  of  Hertford8hire,t  from  which  the  following  is 
quoted  :— 

"The  undermentioned  method  is  pursued  in  chalking  land, 
and  the  persons  employed  therein  pursue  it  as  a  trade.  A  spot 
is  fixed  upon  nearly  centrical  to  about  six  acres  of  land  to  be  chalked. 
Here  a  pit  about  4  feet  diameter  is  sunk  to  the  chalk,  if  found 
within  20  feet  of  the  surface  ;  if  not  the  sinkers,  considering  that 
they  are  on  an  earth-pillar,  fill  up  the  pit  and  sink  in  fresh  places 
till  their  labour  is  attended  with  better  success." 

After  describing  the  method  by  which  the  earth  and  chalk  are 
prevented  from  falling  in,  and  the  simple  windlass  and  bucket 


*  Geology  of  London,  Mem.  Geol.  Survey,  p.  502  (1889).- 

t  Written  in,  1 1795  ;   reprinted  by  the  Board  of  Trade  in  1804. 


by  whicli  the  chalk  from  below  is  sent  up,  he  continues— 

"  The  pit  is  sunk  from  20  to  30  feet  deep,  and  then  chambered 
at  the  bottom,  that  is,  the  pitman  digs  or  cuts  out  the  chalk  hori- 
zontally in  three  separate  directions,  the  horizontal  apertures 
being  of  a  sufficient  height  and  width  to  admit  of  the  pitman 
working  in  them  with  ease  and  safety.     .    .     . 

**  One  pit  will  chalk  six  acres,  laying  sixty  loads  on  an  acre. 
If  more  be  laid  on,  and  to  the  f\ill  extent  of  chalking,  viz.,  100 
loads,  then  a  proportionate  less  extent  of  land  than  six  acres  is 
chalked  from  one  pit.  Eighteen  baiTowfuls  make  a  load,  and 
the  usual  price  for  chalking  is  7d.  per  load,  all  expenses  included, 
therefore  the  expense  of  chalking  at  sixty  loads  per  acre  is  £1  15s., 
and  at  100  loads,  £2  18s.  4d. 

"  As  the  chalk  is  considered  to  be  better  the  deeper  it  lies,  the 
top  chalk,  particularly  if  it  lies  within  3  or  4  feet  of  the  surface, 
is  very  indifferent,  and  only  At  for  lime  or  to  be  laid  on  the  roads, 
gateways,  etc.,  the  chalkers  must  be  directed  to  lay  by  the  chalk 
for  the  first  3  or  4  feet  in  depth,  to  be  applied  to  the  above  pur- 
poses. If  not  wanted  for  those  uses,  it  is  again  thrown  into  the  pit." 

Finally,  Mr. Walker  points  out  the  advantages  which  this  system 
of  mining  the  chalk  and  harrowing  it  from  the  shaft  mouth  on  to 
the  land  has  over  the  system  of  open  quarrying,  which  necessitates 
the  use  of  horses  and  carts,  and  in  many  cases  of  carting  the  material 
for  long  distances.  He  says :  "  Those  who  have  been  accustomed 
to  the  marle-carts  of  Norfolk  and  Suffolk  know  what  severe  work 
to  the  teams  that  business  always  proves,  and  what  a  most  heavy 
expense  attends  it.  Horses  of  great  value  are  often  lamed  or  de- 
stroyed, and  the  purchase  of  carts  and  harness  with  the  wear  and 
tear  of  both  form  very  heavy  articles.  The  Hertfordshire  custom 
is  therefore  much  to  be  preferred." 

Treatises  on  the  agriculture  of  Sussex  and  Kent,  written  about 
the  same  time,  bear  witness  to  the  same  method  of  obtaining  chalk 
for  laying  on  the  land  as  prevaiUng  in  the  parts  of  those  counties 
which  are  imderlain  by  that  formation.* 

In  Essex  also  numerous  subterranean  excavations  of  a  similar 
shape  have  been  found  ;  they  are  known  as  "  Dene  Holes,"  and 
have  been  the  subject  of  much  speculation  as  to  their  date  of  origin 
and  their  purpose ;  some  of  them  may  be  places  of  concealment, 
but  it  seems  probable  that  others  may  be  pita  whence  chalk  was 
obtained  for  the  lise  above  indicated.f 

^*See  especially  "Notes  on  Agriculture,*'  Chap,  xviii.  (1799),  by  Mr. 
John  Bannister  of  Horton  Kirby,  Kent. 

■»  t  See  Report  on  the  Denehole  Exploration  at  Hangman's  Wood,  Grays, 
by  T.  V.  Holmes  and  W.  Cole,  Essex,  Naturalist,  December,  1887.  **  Ancient 
and  Modern  Dene  Holes,"  by  Charles  Dawson,  Qeol.  Mag.,  Dec.  4, 
Vol.  iv.  p.  293  ;  and  "  On  Denehdes  and  Bell  Pits,"  by  T.  V.  Holmes,  ibid. 
p.  447. 
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Whitening  or  Whiting. 

The  manufacture  of  whitening  is  an  industry  which  depends 
mainlyon  the  existence  of  chalk  for  its  raw  material,  and  it  is  requi- 
site that  the  chalk  should  be  as  pure  and  soft  and  as  free  from 
flints  as  possible.  The  portions  of  the  chalk  formation  which  are 
most  suitable  for  the  manufacture  of  whitening  are  the  zone 
of  Terebratulina  in  the  Middle  Chalk,  and  the  zones  of 
Marsupites  and  of  Actinoca/max  quddratus  in  the  Upper  Chalk, 
but  other  parts  of  the  Upper  Chalk  have  been  used  in  some  places. 

Whitening  is  made  from  the  Middle  Chalk  in  Bedfordshire  (near 
Dunstable  and  Luton),  in  West  Norfolk  (Hilborough),  in  Oxford- 
shire (near  Ewelme),  and  in  Lincolnshire  (near  Louth). 

It  is  made  from  the  Upper  Chalk  at  Whitchurch  and  Odiham 
in  Hampshire,  at  Kintbury  in  Berkshire,  and  near  Norwich. 

The  usual  method  of  preparing  the  material  is  to  break  up  the 
chalk  that  is  quarried,  and  to  pick  out  any  flints  that  may  be 
present ;  the  lumps  are  then  thrown  into  a  harrow-mill  and  further 
broken  up  in  water,  the  finer  part  being  run  off  with  the  water 
into  tanks  where  it  gradually  consolidates  into  "  slurry,"  while  the 
coarser  part,  consisting  chiefly  of  shell  fragments  and  Foraminifera, 
remains  in  the  mill  and  is  thrown  away.  When  the  slurry  has 
become  sufficiently  thick  it  is  dug  out  and  made  into  whitening, 
this  being  dried  in  lumps  under  sheds  open  to  the  air. 

Kintbury  in  Berkshire  (between  Newbury  and  Hungerford) 
was  formerly  quite  a  seat  of  this  manufacture.  Mr.  Bristow, 
writing  in  1862,*  says :  *'  Chalk  is  made  into  whiting  at  Kintbury, 
and  sent  by  canal  thence  in  considerable  quantities,  both  in  ita 
raw  and  manufactured  state,  to  Bristol,  where  it  is  consigned  to 

the  oil   and   colourmen At  Kintbury  there  are 

five  manufacturers  of  whiting,  one  of  whom  makes  about  600  tons 
per  annum,  the  others  alx)ut  300  tons  each,  making  a  total  of  about 
1,800  tons.  Formerly  it  used  to  fetch  30s.  per  ton,  but  now  it  only 
sells  for  8s." 

From  recent  inquiries  (June  1899),  I  have  ascertained  that  there 
is  still  one  whiting  manufactory  at  Kintbury,  belonging  to  Mr. 
F.  J.  Tuttle,  who  informs  me  that  he  makes  about  300  tons  of 
the  material  in  the  year,  which  is  sold  at  a  low  price  to  people  in 
the  neighbouring  district,  but  is  no  longer  exported  to  Bristol. 

Materials  for  Boad-metal. 

*  wo  materials  obtained  from  the  Chalk  have  been  largely  em- 
ployed for  metalling  roads ;  these  are  flints  and  Chalk  Eock. 

Flints  form  a  good  material  for  roads  so  far  as  wear  is  concerned, 
and  provided  the  roadway  is  kept  moist ;  but  in  simMner  time,  after 

*  On  the  Qeology  of  Parts  of  Berkshire  and  Hampshire,  p.  17  (1862)| 
Mem.  Qeol,  Survey. 
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a  spell  of  dry  weather  flint-made  roads  break  up  into  sharp  sand 
and  loose  sharp  stones  which  are  detrimental  in  various  way8» 
but  especially  so  to  rubber-tyred  wheels.  Flints  taken  fresh  from 
Chalk-pits  are  brittle,  and  much  less  suitable  than  flints  which 
have  been  long  exposed  on  the  surface  of  the  fields,  or  dug  from 
deposits  of  flint  gravel.  As  such  flints  are  plentiful  over  large  areas 
of  the  Chalk  country,  either  as  surface  accumulations  or  as  "  clay 
with  flints,"  they  have  been  largely  used. 

Ghalk  Rode  is  of  much  more  local  occurrence  and  has  therefore 
been  less  widely  used.  Occurring  at  the  base  of  the  Upper  Chalk, 
and  being  a  hard  compact  limestone  which  does  not  break  up, 
like  most  kinds  of  chalk,  by  exposure  to  frost,  it  makes  a  fair  road- 
way, and  it  has  the  advantage  of  keeping  firm  and  unbroken  in 
dry  weather. 

Chalk  Rock  has  been  quarried  for  this  purpose  all  along  the 
course  of  the  Chalk  escarpment,  from  the  north  of  Dorset,  through 
Wiltshire,  Berkshire,  Oxfordshire,  Buckinghamshire,  Bedford- 
shire, and  Hertfordshire ;  and  also  in  some  of  the  valleys  to  the 
east  of  the  main  escarpment. 

It  is  hardly  strong  enough  by  itself  to  stand  heavy  traffic  in 
winter,  and  it  is  said  that  a  mixture  of  Chalk  Bock  and  flints  has 
proved  better  in  some  situations  than  either  of  them  used  alone ; 
but  the  proportion  of  rock  must  be  larger  than  that  of  flints,  and 
the  latter  must  be  broken  up  into  smaller  pieces  than  the  limestone, 
otherwu^e  the  flints  project  and  make  an  uneven  surface. 

Phosphatic  Nodules. 

1.    Phosphates  from  the  CMorUic  Marl  and  from  the  Ixise  of 

the  Chalk, 

Phosphatic  nodules  are  very  common  at  this  horizon,  but  vary 
very  much  in  quantity,  colour,  and  chemical  composition  in  dif- 
ferent places ;  the  black  or  dark  brown  nodules  being  generally 
the  richest  in  phosphate  of  lime. 

They  have  been  dug  for  commercial  purposes  at  Farnham  in 
Surrey,  at  Bentley  and  Froyle  in  Hants,  near  Blackgang  in  the 
Isle  of  Wight,  and  from  the  bed  known  as  the  Cambridge  Green- 
sand  all  along  its  outcrop  from  Barton  in  Bedfordshire  to  Soham  in 
Cambridgeshire,  a  distance  of  about  40  miles.  The  nodules  of  the 
Cambridge  Greensand  have  been  derived  from  the  Gault  and  have 
therefore  been  described  in  the  first  volume  of  this  memoir.  Those 
of  the  Chloritic  Marl,  and  at  the  base  of  the  Chalk  in  the  South  of 
England,  are  more  nearly  of  the  same  age  as  the  bed  in  which  they 
occur. 
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The  phosphate  beds  in  Surrey  and  Hants  were  discovered  and 
described  by  Messrs.  Paine  and  Way,*  from  whose  account  the 
following  notes  and  analyses  are  taken.  The  characters  of  the  bed 
itself  have  been  briefly  described  in  Vol.  II.  p.  58,  but  the  following 
analyses  show  that  the  green  marl  (apart  from  the  nodules)  contains 
a  certain  proportion  of  phosphatic  matter  disseminated  throughout 
its  substance. 


A. 

B. 

C. 

D. 

K 

Insoluble  siliceous  matter     - 
Soluble  silica - 
Organic  matter     - 
Phosphoric  Acid   - 
Carbonic  Acid 
Lime     -        -        -        -       - 
Magnesia       .        -        -        - 
Oxide  of  Iron  and  Alumina  - 
Potash  (not  estimated  in  A, 
B,D,  andE)     - 

21-85 

20*18 

6-25 

7-80 

10-91 

20-58 

1-59 

8-18 

26-25 
18-11 

5-95 

10-38 

10-34 

19-87 

•87 

6-18 

32-81 
29-14 
3-02 
6-61 
2-30 
9-53 
1-97 
11-46 

3-10 

26-83 

26-30 
2-64 
9-31 
2-35 

15-24 
1-43 

13-11 

39*59 

18-42 
4-12 
6-89 
4-52 
9-11 
1-64 

13-55 

97-34 

97-95 

99*94 

97-21 

97-84 

The  samples  of  A  and  B  were  from  the  residuum  of  marl 
washed  out  of  a  mass  of  the  phosphate  bed  weighing  30  tbs.  This 
residuum  was  dried  and  sifted,  the  analysis  A  being  that  of  the 
coarse  particles  and  B  of  the  fine  mud.  The  samples  C  and  D 
were  taken  from  a  quantity  of  the  same  marl,  not  washed,  but 
dried  in  the  mass  and  thon  sifted;  0  is  the  analysis  of  the  fine 
portion  which  passed  through  ;  D  of  that  left  on  the  sieve  after  all 
the  large  nodules  were  picked  out :  this  consisted  of  indurated 
pieces  of  marl  and  small  phosphatic  fragments ;  E  is  an  analysis 
of  the  same  bed  of  marl  fix>m  the  parish  of  Bantley. 

The  amount  of  phosphate  of  lime,  calculated  as  bone  earth 
phosphate  in  the  samples  analysed  is  as  follows  : — In  A=16-08, 
in  B=21-40,  in  0=13-63,  and  in  D=19-22.  It  is  probable 
that  much  of  the  soluble  silica  and  of  the  iron  and  alumina  is  com- 
bined in  the  form  of  an  easily  decomposable  silicate  such  as 
glauconite. 

With  respect  to  the  fossils  and  phosphatic  nodules  which  occur 
in  .  this  glauconitic  marl,  Messrs.  Paine  and  Way  distinguished 
three  different  kinds.  They  give  analyses  of  one  of  the 
branching  sponges  ("  alcyonites ")    and  of  the   reddish    brown 

phosphates,  and  of  a  sample  of  washed  fossils  of  all  sorts  and  sizes. 

» 

*  Joiurn.  Roy.  Agric.  Soc.,  Vol.  ix.  p.  56  to  84  (1848). 


396 


tax  CRlCtACSOUS  ftOCSS  OP  JUtlTAlN. 


The  analyses  are  given  below  and  numbered  1,  2,  3,  in  the  order 
above  mentioned. 


Insoluble  siliceous  matter 
Soluble  silica 

Organic  matter  and  loss    - 
Phosphoric  Acid 
Carbonic  Acid   -       -       - 
Lime         -       .       .       - 
Hajipesia  -       -       - 

Oxide  of  iron  and  alumina 


1. 


} 


7-68 

4-52 
29-87 

8-77 
42 '29 

6-87 


/ 
I 


100-00 


2. 


7-18 
3-28 
2-49 

27-13 
8-77 

39-85 
•96 

10-60 


100-26 


3. 


9-84 
2-36 
3-26 

27-60 
6-96 

44-56 

•81 

4-61 


100-00 


The  proportion  of  phosphate  of  lime  in  these  samples,  calculated 
as  bone-earth  phosphate  from  the  several  amounts  of  phosphoric 
acid,  is  given  by  Mr.  Way  as  61*30  in  the  first,  aa  55*96  in  the  second, 
and  as  59*60  in  the  third ;  but  there  seems  to  be  some  mistake 
in  respect  to  the  last,  for  27*60  of  phosphoric  acid  is  only  equi- 
valent to  56*94  of  bone-earth  phosphate.  There  is  nearly  20  per 
cent,  of  carbonate  of  lime  in  the  first  two,  and  15*81  per  cent, 
in  the  third,  there  being  a  considerable  excess  of  lime  in  this  last, 
which  is  not  easy  to  account  for. 

Another  general  sample  of  fossils  dug  from  the  adjoining  parish 
of  Bentley  gave  as  much  as  33  per  cent,  of  phosphoric  acid,  which 
is  equivalent  to  68  per  cent,  of  bone-earth  phosphate. 

The  only  other  attempt  to  work  phosphatic  nodules  fi'om  this 
horizon  in  the  South  of  England  was  in  the  Isle  of  Wight.  The 
workings  were  begun  in  1851,  near  the  brgw  of  Gore  Cliff,  on 
St.  Catherine's  Down,  but  do  not  seem  to  have  been  successful, 
and  were  soon  abandoned,*  The  Chloritic  Marl,  in  which  they 
occur,  has  been  described  in  Vol.  II.  p.  ^0,  and  it  seems  to  have 
been  the  upper  three  feet  from  which  they  were  extracted,  which 
we  have  called  the  Cephalopoda  Bed,  from  the  abundance  of  phos- 
phatic casts  of  Ammonites  and  other  Cephalopoda.  There  are 
also  some  shapeless  nodules  and  some  broken  angular  fragments 
of  phosphate. 

The  phosphatic  character  of  these  organic  remains  in  the  Isle 
of  Wight  was  first  pointed  out  by  Captain  Ibbetson,  who  published, 
in  1848,  a  little  book  entitled,  **  Notes  on  the  Geology  and  Chemical 
Constitution  of  the  Strata  in  the  Isle  of  Wight,"  and  gave  partial 


♦  See  Geological  Guide  to  the  Isle  of  Wight,  by  Mark  Norman,  Ventnor, 
p.  88  (1887.) 
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analyses  of  the  nodules  which  had  been  made  by  Mr.  J.  C.  Nesbit. 
The  following  are  selected  fi*om  these  analyses :— 


Iniolable 
matter. 

Pboiphorio 
acid. 

PhoephAte 
of  Lime. 

BqulTalent 

amoant  of 

bonee. 

Per  cent. 

Per  cent. 

Per  cent. 

Tour. 

Cast  of  a  Turrilitc    -        -        - 

5- 

24-26 

49-79 

90 

Cast  of  an  Ammonite 

6- 

21-28 

43-68 

103 

Small  spongite  nodule     - 

17- 

20-20 

41-60 

108 

Small  spongite  nodule     - 

9-6 

19-13 

39-26 

114 

Cast  of  Ammonite   -        -        - 

10- 

23-06 

47-32 

95 

Do.          do. 

9-6 

23-44 

48-10 

93 

Cast  of  Turrilite 

21- 

17-23 

35-36 

127 

Small  nodule    -        -        -        - 

4-4 

20-07 

41-60 

108 

Large  nodule          -       .       - 

22- 

16-60 

34-06 

132 

There  is  another  district  in  the  south  of  England  where  phos- 
phatic  nodules  occur  in  some  quantity  at  the  base  of  the  Chalk, 
and  in  a  bed  which  extends  over  a  large  area ;  this  is  in  Weet 
Dorset  (see  Vol.  11.  pp.  99  and  109). 

These  phosphates  have  never  to  our  knowledge  been  dug  for 
agricultural  purposes,  nor  have  any  good  samples  of  them  been 
properly  analysed.  The  only  notice  of  them  which  we  have  seen 
is  in  the  paper  by  Messrs.  Paine  and  Way,  already  quoted.  They 
describe  those  found  near  Sutton  Waldron  as  consisting  chiefly 
of  carbonate  of  lime.  "  In  one  field,  however,  some  casts  of  small 
Ammonites  were  found,  which  contained  a  high  percentage  of 
phosphates.  The  neighbourhood  is,  therefore,  well  worthy  of  a 
fuller  investigation.''    (Op.  cit.  p.  75.; 

"  At  Mintern,''  say  the  same  authors,  "  both  the  marl  and  it« 
fossils  are  of  a  richer  character.  A  partial  analysis  of  them  gave 
the  following  results :— (1;  being  a  speckled  glauconitic  marl ; 
(2)  fossils  and  nodules  in  a  brown  mai-1;  (3)  the  brown  marl  itself; 
(4)  a  green  sandstone. 


1. 

2. 

3. 

4. 

Silica 

Phosphate  of  lime       -        -       -       - 
Carbonate  of  lime      -        -        -        - 

26-68 
11-04 
49-25 

46-74 
18-47 

9-10 
4-13 

6-07 
52-06 

Phosphatic  nodules,  similar  to  those  at  Mintern,  occur  at  the 
base  of  the  chalk  over  a  large  area  to  the  westward,  and  are  very 
ae<»essible  near  Evershot  and  in  the  neighbourhood  of  Maiden 
Newton. 

Similar  nodules  occurring  at  Chard  (see  Vol.  11.  p.  1 19 )  were  tested 
by  Mr.  Way,  and  found  to  contain  10-16  per  cent,  of  phosphoric 
acid,  equal  to  20-97  per  cent,  of  bone-eai-th  phosphate. 
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2.  Phcsph4Uic  nodides  at  higher  horizons  in  the  Lower  ChcUk. 

There  are  at  least  four  other  horizons  in  the  Lower  Chalk  at 
which  iiodules  containing  more  or  less  phosphate  of  lime  are 
found :  these  are :— 

1.  Near  the  base  of  the  chalk  in  West  Norfolk  at  the  bottom 

of  the  bed  which  is  known  as  the  "  Inoceramus  Bed  " 
(see  Vol.  n.  p.  209). 

2.  Ten  feet  above  the  Chloritic  Marl  at  Compton  Bay,  Isle  of 

Wight. 

3.  From  30  to  40  feet  above  the  base  of  the  Chalk  Marl  in  South 

Dorset. 

4.  At  the  base  of  the  Tottemhoe  Stone  throughout  its  course 

.fix>m  Oxfonlshire  to  Hunstanton,  in  Norfolk. 

5.  In  the   Ijed  known  as  the  "  Rag  Bed  "  in  the  counties  of 

Bucks,  Beds,  and  Herts  (see  Vol.  II.   p.  181). 

No  analysis  has  yet  been  made  of  the  nodules  that  occur  in  the 
''Inoceramus  Bed,"  but  samples  from  the  other  two  horizons 
have  recently  been  tested  for  phosphoric  acid  by  Dr.  W.  Pollard, 
Chemist  to  the  Geological  Survey,  with  the  following  results : 
A  being  a  nodule  from  the  Tottemhoe  Stone  of  Arlesey,  near 
Hitchin,  and  B  being  one  from  the  "  Bag  Bed  "  at  Butler's  Cross 
(Chalkshire),  near  Wendover. 


A. 

B. 

Lo88  at  105«» 

Ignited  insoluble  residue            

Phosphoric  anhydride 

•9 

8-6 

14-4 

•5 

3-6 

10-3 

Dr.  Pollard  writes  that  the  residue  was  obtained  in  the  fol- 
lowing manner :  '*  the  substance  was  weighed  (after  drying  at 
105**),  dissolved  in  nitric  acid  (1*2  of  water),  boiled  to  remove  CO, 
evaporated  to  dryness,  moistened  with  strong  nitric  acid,  evapo- 
rated again  to  dryness  (to  render  the  silica  insoluble),  taken  up 
with  strong  nitric  acid  and  hot  water ;  filtered,  washed,  filtered, 
dried,  and  ignited.'* 

The  amounts  of  phosphoric  acid  found  in  these  nodules  are 
equal  respectively  to  31*43  and  2247  per  cent,  of  tricalcic  phos- 
phate of  lime. 

Another  locality  where  phosphatic  nodules  have  been  found 
in  the  lower  part  of  the  Lower  Chalk  is  Punfield  Cove,  near 
Swanage  (see  Vol.  II.  p.  95),  and  of  these  a  complete  analysis  was 
made  by  M.  Duvillier  for  Professor  Ch.  Barrois.*  The  following  is 
a  copy  of  this  analysis  :— 

*  See  Recherches  sur  le  Terrain  Cr6tac6  Sup^r^eur  de  TAnglcterro  par 
Ch.  Barrois,  Lille,  p.  102  (1876).  ..    n...    ^     , 
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Sand  aad  clay 8*40 

Soluble  silica 1*14 

Oxide  of  iron 1'96 

Phosphate  of  lime 19-91 

Sulphate  of  lime '91 

Carbonate  of  lime     - 65'62 

Carbonate  of  magnesia '89 


98-83 
3.  Phosphatic  nod/ides  in  the   Middle  Chalk. 

The  small  nodules  or  lumps  of  hard  chalk  whicK  occur  in  the 
Melbom*n  Bock  are  probably  very  slightly  phosphatic,  but  I 
found  a  few  green-coated  nodules  in  this  rock  near  Maiden 
Newton,  in  Dorset,  and  one  of  these  was  sent  to  Dr.  Pollard  to 
be  tested  for  phosphoric  acid.  It  was  treated  in  the  same  manner 
as  the  others  above  mentioned,  and  gave  the  following  result  :— 

Loss  at  IDS'*         "  .     "       "  '4 

Ignited  insoluble  residue 1*5 

Phosphoric  anhydride  6*8 

This  amount  of  phosphoric  acid  is  equivalent  to  14*83  per  cent, 
of  tricalcic  phosphate. 

Nodules  from  the  bed  at  the  top  of  the  Terebratulina  zone  in  the 
Isle  of  Wight  (see  Vol.  II.  p.  408)  were  analysed  by  M.  Duvillier  for 
Professor  Barrois,  the  analysis  being  as  follows*:— 

Clay  and  insoluble  matter 2*43 

Soluble  silica '72 

Oxide  of  iron     -       -               -89 

Phosphate  of  lime 4-48 

Carbonate  of  lime 91-25 


99-77 


It  will  be  noticed  that  the  amount  of  phosphate  of  lime  in  these 
nodules  is  very  small,  and  that  they  are  practically  nothing  but 
indurated  chalk. 

4.  Phosphates  in  the  Upper  Chalk. 

These  occur  at  several  horizons,  but  are  most  widely  distributed 
in  the  Holaster  planus  zone,  and  especially  in  the  beds  known  as 
Chalk  Rock.  A  sample  taken  from  a  large  green-coated  nodule, 
compact  and  yellowish  inside,  from  the  Chalk  Bock  of  Henley, 
Oxon.,  was  tested  by  Dr.  Pollard,  with  the  following  result^  the 
treatment  being  the  same  as  in  the  previous  cases  :— 

Loss  at  1050 4*3 

Ignited  insoluble  residue 3-7 

Phosphoric  anhydride 5-0 

*  Description  G^ologique  de  la  Craie  de  Tile  de  Wight,  Lille,  p.  19  (1873). 
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The  5  per  cent,  of  phosphoric  acid  is  equivalent  to  about  11  per 
cent,  of  phosphate  of  Ume. 

The  phosphatic  chalk  found  in  the  zone  of  HoUuter  planus  at 
Southerham,  Lewes,  has  been  mentioned  on  p.  307,  and  tiie  follow- 
ing detailed  description  of  the  rock  is  taken  from  Mr.  Strahan's 
account.*  "  It  consists  of  a  white  chalky  matrix,  in  which  are 
embedded  a  multitude  of  brown  grains.  In  weathered  specimens 
these  grains  can  be  washed  out  with  water,  but  the  separation  can 
be  better  effected  by  dilute  acetic  acid,  which  removes  almost  all 
the  matrix,  but  scarcely  corrodes  the  brown  grains.  .  .  .  The 
brown  grains  consist  largely  of  phosphate  of  Ume  .  .  .  and 
resemble  those  of  the  Taplow  chalk  "  (see  below).  Mr.  Strahan 
found  that  microscopical  examination  showed  a  close  resemblance 
between  the  phosphatic  chalks  from  Southerham  and  Taplow.  He 
says,  "  in  the  former  the  oval  pellets,  which  were  determined  as 
the  coproUtes  of  small  fishes,  are  rather  more  abimdant  and  larger, 
but  proportionate  in  size  to  the  numerous  teeth  which  occur.  The 
prisms  of  Inoceramus  shell  are  rather  less  common,  but  internal 
casts  of  foraminifera  form  a  large  proportion  of  the  residues,  and 
small,  amber-coloured  chips  of  bone  occur  equally  in  both.  .  . 
Further  details  of  either  chemical  or  microscopical  examination 
of  the  rock  would  be  a  mei'e  repetition  of  the  account  of  the  Taplow 
Chalk." 

The  phosphatic  chalk  at  Taplow  had  been  previously  described 
by  Ml'.  Strahan.f  Its  stratigraphical  position  has  already  been 
discussed  (see  p.  219),  and  part  of  Mr.  Strahan's  description  was 
then  quoted.  A  complete  analysis  of  the  brown  Taplow  chalk 
was  made  by  Mr.  Hort  Player,  and  was  given  side  by  side  with  an 
analysis  of  the  similar  phosphatic  chalk  of  Ciply,  in  Belgium  ; 
these  are  quoted  below  :— 


Taplow 
Chalk. 


Ciply 
Chalk. 


Moisture      -       -        -        - 
Organic  matter  - 

Lime 

Magoesia      -       -        -       - 
Alumina  and  oxide  of  iron 
Potash  and  soda 
Carbonic  acid      -        -        - 
Sulphuric  acid    -       -       - 
Phosphoric  acid  - 
Silica  and  sand 
Fluorine  and  chlorine 


•7 


2*3 

2'83 

53*7 

53*24 

^m^    • 

•12 

•9 

1-01 

•3 

•19 

28-7 

28-10 

•7 

•89 

11-6 

11*66 

•5 

1-96 

•7 

Traces. 

100-1 

100-00 

*  Quart.  Journ.  Geol.  Soc.,  Vol.  lii.  p.  465  (1896). 
t  Quart.  Joiu-n.  Geol.  Soc.,  Vol.  xlvii.  p.  358  (1891). 
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From  subaequent  tests  Mr.  Player  determined  that  samples  taken 
from  the  uppef  and  lower  brown  beds  contained  respectively 
18*6  per  cent,  and  35*6  per  cent,  of  phosphate  of  lime.  The  brown 
colour  of  the  rock  was  attributed  by  him  to  the  presence  of  a  sub- 
stance which  he  believed  to  be  humic  acid,  and  his  identification 
was  confirmed  by  analyses  made  by  Dr.  Tingle,  under  the  direction 
of  Professor  Japp. 

Mr.  Strahan  remarks  that  a  rich  specimen  of  the  Taplow  rock 
contains  about  65  per  cent,  of  the  brown  grains,  and  the  propor- 
tion of  phosphate  of  lime  in  the  brown  grains  is  about  50*6  per  cent. 
These  brown  grains,  when  isolated  as  a  residue  by  washing  and 
examined  under  the  microscope,  are  seen  to  consist  of  the  following 
particles,  stated  in  order  of  abundance  :— (1)  Foraminifera,  wholly 
or  partly  filled  with  a  brown  material ;  (2)  broken  prisms  of  Ino- 
oeramus-shell,  infiltrated  with  phosphate  of  lime ;  (3)  angular 
fragments  of  amber-coloured  material,  which  proved  to  be  chips  of 
fish  bones ;  (4)  little  oval  pellets,  which  were  identified  as  the 
excrement  of  small  fish. 

For  further  particulars  regarding  this  interesting  deposit  the 
reader  is  referred  to  Mr.  Strahan's  description,  and  some  of  his 
remarks  on  the  origin  of  such  deposits  are  quoted  on  p.  373. 
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CHAPTER    XXVI, 
THE  PHYSICAL  FEATURES  OF  CHALK  DISTEKJTS. 

Since  the  Chalk  of  England  and  France  is  a  unique  formation, 
Uthologically  different  from  all  the  other  great  calcareous  forma- 
tions of  Western  Europe,  it  is  not  surprising  that  its  surface  features 
should  also  present  special  and  peculiar  characteristics.  The 
physical  features  to  which  it  gives  rise  imder  the  moulding 
influence  of  rain  and  frost,  the  bold  slopes  of  the  chalk  escarp- 
ments, the  rolling  undulations  of  the  Chalk  Downs  or  Uplands, 
and  the  softly-curving  contours  of  the  deep  combes  and  valleys 
which  lie  Ijetween  the  hills — all  these  are  features  familiar  to  mcMit 
Englishmen,  and  form  a  pecuUar  type  of  scenery  which  cannot  be 
matched  in  other  parts  of  the  country. 

Each  of  these  special  sets  of  features,  escarpments,  uplands, 
and  valleys  merit  description  and  illustration,  with  some  account 
of  the  manner  in  which  they  have  been  developed. 

Chalk  Escarpments. 

In  this  as  in  other  memoirs  of  the  Geological  Survey  the  term 
escarpment  is  used  in  the  restricted  sense,  and  is  applied  only  to  the 
terminal  or  boundary  ridge  of  a  formation,  or  of  any  definite  set 
of  beds,  that  is  to  say,  it  means  the  ridge  and  slope  along  which 
such  a  set  of  beds  is  finally  cut  oflf,  and  beyond  which  they  do  not 
extend,  except  in  the  form  of  isolated  patches  or  "  outliers.*'*  It 
is  also  taken  for  granted  that  chalk  escarpments  are  what  may  be 
termed  "  hills  of  recession  " ;  that  their  frontal  slopes  have  not 
always  occupied  their  present  position,  but  have  gradually  receded 
to  it  from  a  much  more  advanced  position.  Thus  it  is  assimied 
that  the  two  great  escarpments  of  the  North  and  South  Downs 
were  initiated  at  a  time  when  the  lower  parts  of  the  Chalk  were 
continued  upward  from  each  side  toward  the  central  axis  of  the 
Wealden  area,  and  were  truncated  by  a  plain  of  marine  erosion. 

The  slopes  of  chalk  escarpments  do  not  everywhere  exhibit 
precisely  the  same  features;  the  frontal  slope  is  sometimes  a 
continuous  sweeping  curve,  at  another  place  it  is  nearly  a 
straight  inclined  line,  and  where  the  beds  differ  greatly  in 
hardness  there  are  sometimes  two  or  even  three  escarpments  one 
behind  the  other.    Other  diJfferences  of  slope  and  absolute  height 

*  See  Mr.  W.  Whitaker,  '*  On  Subaerial  Denudation,"  Ged.  Mag.,  Vol.  iv. 
p.  447,  and  **  Geology  of  London,"Vol.  i.  p.  488,  Mem.  Qeol.  Survey  (1889). 
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depend  upon  the  inolination  of  the  strata,  which  are  in  some  places 
nearly  horizontal  and  in  others  are  inclined  at  angles  of  varyinpr 
amount  up  to  40"*  or  45"*. 

The  North  Dovms.--Ia  the  south-east  of  England  the  escarp- 
ments of  the  North  and  South  Downs  are  conspicuous  and  well- 
known  features.  The  North  Downs  may  be  described  as  really 
consisting  of  two  hill  ranges,  starting  from  the  valley  of  the  Med- 
way ;  the  one  runs  in  a  S.E.  direction  to  Folkestone,  where  it  is 
cut  oflf  by  the  sea,  the  other  trends  about  W.S.W.  through  West 
Kent  and  Surrey  as  far  as  Dorking,  and  then  due  west  to  Farnham, 
where  it  becomes  lost  in  the  imdulations  of  the  Hampshire  Uplands. 

The  North  Downs  forma  nearly  continuous  ridge  except  where 
they  are  breached  by  the  valleys  of  the  larger  rivers  which  rise 
within  the  area  of  the  Weald.  Viewed  from  the  front  their  sum- 
mit ridge  presents  a  nearly  even  and  uniform  line,  and  is  rarely 
broken  by  any  depressions  or  "  passes  " ;  there  are  in  fact  only 
three  such  notches  along  its  whole  length,  one  at  Lyminge,  in 
Kent,  one  at  Merstham,  and  one  at  the  west  end  of  the  Hogs- 
back,  near  Farnham. 

The  frontal  slope  of  the  North  Downs,  viewed  from  any  point 
on  the  slope,  is  generally  a  gracefully  exuding  line,  steepest  near 
the  top,  where  the  inclination  is  frequently  about  20*. 

The  actual  course  or  run  of  the  escarpment  is  seldom  straight. 
Throughout  Kent  and  the  eastern  part  of  Surrey  it  follows  a 
decidedly  sinuous  line,  projecting  into  promontories  and  retiring 
into  **  embayments,"  so  that  in  looking  along  the  face  of  the  escarp- 
ment the  observer  does  not  see  a  continuous  hill-slope,  but  a  series 
of  convex  projections  between  which  lie  the  hidden  intervening 
emba}rment8. 

From  Dorking  to  Farnham,  however,  the  course  of  the  escarp- 
ment is  very  nearly  straight,  especially  west  of  Guildford,  where 
the  ridge  is  known  as  the  Hogsback,  and  is  a  straight  round- 
backed  ridge  with  an  even  slope  to  the  south,  without  any  promon- 
tories or  embajnnents.  This  difference  is  probably  due  to  the  difl'er- 
ent  geologic  structure  of  this  portion  of  the  range,  for  in  the  eastern 
area  the  dip  of  the  beds  is  generally  slight,  and  the  vertical  height 
of  the  escarpment  is  great,  so  that  the  slope  is  longer,  while  along 
the  Hogsback  the  dip  varies  from  30°  to  40°,  and  sometimes  more. 

The  highest  part  of  the  North  Downs  is  the  central  portion, 
between  Gatton,  near  Reigate,  and  the  valley  of  the  Darent,  the 
summit  ridge  along  this  tract  rising  in  many  places  to  800  feet. 
On  the  eastern  range  the  highest  point  is  near  Deptling  (657  feet), 
and  thence  to  the  sea  the  heights  become  gradually  less.  The 
Hogsback  is  much  lower  than  the  more  irregular  part  of  the  range, 
only  rising  to  500  feet  at  its  eastern  end  and  falling  thence  to 
between  300  and  400. 
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Along  the  greater  part  of  the  North  Downs  the  escarpment 
ridge  is  the  dominating  feature,  and  from  it  the  groimd  falls  gradu- 
ally northward  till  it  meets  the  smaller  escarpment  of  the  Eocene 
Beds.  But  in  the  district  west  of  the  Medway  there  is  for  a  short 
distance  a  second  escarpment,  parallel  to  and  behind  the  main 
ridge,  which  has  been  described  as  follows  by  Professor  T.  McK. 
Hughes.*  "There  is  a  curious  feature  in  the  Chalk  district 
south  of  Chatham.  The  country  slopes  northward  from  the 
escarpment  with  the  usual  characteristics,  .  .  •  but  there  is  a 
second  escarpment  running  S.E.  from  Chatham,  parallel  to  the 
true  escarpment,  for  about  3 J  miles.  On  the  northern  side  of  this 
we  find  the  hard  beds  described  (previously,  see  p.  163),  and  to 
these  the  feature  is  probably  due.  From  this  second  escarpment 
there  is  a  slope  to  within  about  three-quarters  of  a  mile  of  the 
alluvium,  where  the  Thanet  beds  come  on." 

Ttie  South  Dovms.—Oi  these  Mr.  Topley  wrote  as  folio wsf:— 
"  The  chalk  escarpment  has  a  far  more  uneven  outline  throughout 
Sussex  than  it  has  on  the  north  through  Kent  and  Surrey.  .  .  . 
Very  rarely  do  we  find  the  crest  of  the  Southern  Chalk  escarpment 
forming  a  flat  surface,  but  it  has  a  waved,  undulating  outline.  The 
hollows  are  not  always  deep,  but  sufficiently  so  to  make  walking 
along  the  edge  of  the  escarpment  a  tiring  though  pleasant  task. 
Generally,  the  edge  of  the  escarpment  is  quite  bare  of  any  super- 
ficial covering ;  but  if,  as  is  the  case  in  Kent  and  Surrey,  there  were 
a  covering  of  clay  with  flints,  a  drift  map  showing  this  would 
give  a  succession  of  small  outliers,  whereas,  on  the  north  of  the 
Weald  this  clay  with  flints  often  caps  the  escarpment  uninterrupt- 
edly for  several  miles." 

The  depressions  mentioned  by  Mr.  Topley  always  lead  into 
combes  on  the  southern  side  of  the  ridge,  and  he  suggested  that  the 
South  Down  escarpment  was  in  a  later  stage  of  development  than 
the  northern  escarpment,  that  it  had  retreated  more  rapidly  since 
the  valleys  had  been  commenced,  and  by  this  recession  had  broken 
into  the  heads  of  these  valleys.  This  may  be  so,  but  I  think  there 
are  other  circiunstances  which  should  be  taken  into  account. 
The  South  Downs  are  on  the  whole  nearer  to  the  sea  than  the 
North  Downs ;  consequently  the  Chalk  valleys  have  shorter 
courses  with  a  proportionally  greater  slope,  conditions  which  would 
probably  cause  a  more  rapid  rate  of  erosion.  Again  there  is  a 
considerable  difference  in  the  amount  of  rainfall ;  in  western 
Sussex  the  average  annual  rainfall  along  the  higher  parts  of  the 
Downs  is  stated  to  be  36  inches. J  The  average  amount  falling 
on  the  North  Downs  is  not  so  much  as  this — it  is  said  to  be  about 
27  at  Aldershot,  and  a  Uttle  less  than  that  at  Croydon. 


•  Mem.  Geol.  Survey,  Vol.  iv.  p.  360  (1872). 
t  Geology  of  the  Weald,  p.  265,  Mem.  Geol.  Survey  (1875). 
t  See  H.  R.  Mill  on  the   authority  of  Mr.  Symons  in  "  Geographical 
Journal,"  Vol.  xv.  p.  226. 
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Considering  these  facts,  it  seenis  to  me  that  the  process  of  valley 
making  may  have  been  rather  more  rapid  in  Sussex  than  in  Surrey, 
and  consequently  the  heads  of  the.  combes  which  furrow  the 
southern  slope  of  the  escarpment  ridge  may  have  been  eaten  back 
so  as  to  notch  this  ridge.  Of  course,  both  processes,  the  recession 
of  the  escarpment  itself  and  the  excavation  of  the  valleys  on  its 
southern  versant,  must  have  gone  on  at  the  same  time,  and  it  is 
quite  possible  that  both  processes  have  been  rather  more  rapid 
in  Sussex  than  in  Surrey  or  Kent. 

One  of  the  most  notable  passes  through  the  ridge  of  the  South 
Downs  is  that  south  of  Cocking,  thi'ough  which  both  road  and 
railway  has  been  carried  from  Midhurst  to  Chichester.  Although 
the  escarpment  ridge  on  each  side  of  this  truncated  valley  rises 
to  over  700  feet,  the  watershed  in  the  pass  itself  is  only  about 
350  feet  above  the  sea.  Fig.  69  is  a  section  across  this  valley 
from  west  to  east,  and  shows  what  a  deep  notch  it  makes  in  the 
continuity  of  the  escarpment. 
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Fig.  69.— Section  across  the  Pass  at  Cocking. 

Based  on  that  given  by  Mr.  H.  R.  Mill,  "  Geographical  Journal," 
VoL  XV.,  p.  221. 

The  highest  parts  of  the  South  Downs  are  in  two  separate  dis- 
tricts, (1)  the  portion  between  Buriton  and  Bignor,  where  the 
summit  ridge  is  frequently  750  and  sometimes  800  feet  above 
O.D.,  (2)  the  range  of  hills  between  Clayton  and  Lewes,  which 
rises  in  Ditching  Beacon  to  813  feet. 

The  course  of  the  South  Down  escarpment  is  still  more  irregular 
than  that  of  the  North  Downs,  for  though  its  general  trend  is 
persistently  from  west-north-west  to  east-south-east,  yet  its  con- 
tinuity is  interrupted  not  only  by  the  great  gaps  of  the  rivers 
Arun,  Adur,  and  Ouse,  but  also  by  three  remarkable  embay- 
ments  which  are  due  to  its  intersection  by  a  nearly  parallel  line 
or  lines  of  flexure.  The  first  of  these  is  near  Bignor,  and  is  due 
to  the  influence  of  an  anticline  running  nearly  east  and  west 
along  the  Dean  Valley.  The  next  is  due  to  the  Greenhurst  anti- 
cline, which  enters  the  chalk  near  Poynings,  deflecting  it  to  the 
north  for  about  three  miles  and  producing  what  may  be  called 
the  Poynings  embayment.  The  third  occurs  where  the  con- 
tinuation of  this  flexure  passes  out  of  the  chalk  area,  south  of 
Lewes,  and  this  may  be  called  the  Beddingham  embayment. 

These  anticlines  give  rise  to  a  second  and  subsidiary  escarpment, 
f^nd  that  portion  of  the  escarpm^nt-ridge  which  crosses  the  valleys 
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of  the  Arun  and  the  Adur  is  really  a  part  of  tim  more  eouthem 
Hubaidiary  scarp,  the  main  escarpment  which  once  ran  from  near 
Pulborough  to  Heniield  having  been  completely  breached  and 
destroyed. 


«    *  o 


Tlic  Vale  of  Warrfour.— The  difference  which  the  angle  of  dip 
makes  in  the  height  and  form  of  a  chalk  escarpment  ia  well  illus- 
trated in  the  ValeofWardour  (aeeVol.  IL  p.l46).  On  the  south  side 
of  the  Vale  the  inclination  of  the  beda  is  sUght,  and  there  is  con- 
sequently a  bold  escarpment,  consisting  mainly  of  the  Txiwer  and 
Middle  Chalk,  and  rising  in  most  parts  to  more  than  200  feet 
above  the  plain  at  its  foot.    On  the  northern  side  of  the  Vale  the 
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dip  is  much  greater,  varying  from  10  degrees  to  35  degrees,  and 
there  is  a  fault  which  in  some  places  cuts  out  part  of  3ie  Lower 
Chalk,  but  even  where  the  Lower  and  Middle  Chalk  crop  out  in 
complete  sequence  they  do  not  form  an  escarpment  like  that  on 
the  other  side.  On  the  contrary,  their  outcrop  lies  in  a  narrow 
valley  or  trough  between  the  escarpment  of  the  Upper  Greensand, 
and  a  plain  or  gentle  slope  of  Upper  Chalk. 

Fig.  70  is  a  section  across  a  part  of  the  district  which  is  not 
dislocated  by  the  fault,  and  it  shows  the  subsidiary  position  occupied 
by  the  escarpment  of  the  Chalk  which  is  actually  dominated  by- 
the  ridge  of  the  Upper  Greensand ;  this  reversal  of  their  usual 
relations  being  entirely  due  to  the  high  inclination  of  the  beds. 

The  features  of  the  Vale  of  Wardour  appear  to  have  been  sculp- 
tured out  of  a  plane  of  denudation  which  sloped  from  east  to  west. 
When  this  plane  first  came  under  the  influence  of  subaerial  agencies 
the  rain  which  fell  on  its  surface  naturally  gathered  into  streams 
which  ran  eastward,  and  the  rivers  Wily,  Nadder  and  Ebble  are 
the  descendants  of  these  streams.  The  formation  of  the  Vale  of 
Wardour  and  of  its  escarpments  has  been  well  described  by  the 
Rev.  W.  R.  Andrews,*  from  whose  paper  the  following  extracts 
are  taken  :— 

"  On  the  north  side  of  the  district  we  get  continuous  relics 
of  the  original  plain,  for  the  central  ridge  of  the  Chalk  Downs 
is  there  covered  with  *  clay-and-flints '  for  a  distance  of  many 
miles— showing  it  to  be  a  surface  of  some  age  and  unlike  that 
of  the  bare  Chalk  hills  lying  below  on  either  side  of  it. 

"That  [original]  slope  we  may  see  by  noticing  the  gradual 
fall  in  the  height  of  the  Downs,  when  passing  from  west  to  east. 
Looking  at  the  heights,  we  find  an  elevation  of  720  feet  at  the 
west  end  of  Great  Ridge  Wood,  while  there  is  only  an  elevation 
of  520  feet  at  the  east  end  of  Grovely  Wood,  showing  a  fall  of  200 
feet  in  ten  miles,  or  20  feet  per  mile. 

"  On  the  south  side  there  are  reUcs  of  old  gravel  with  pieces 
of  Upper  Greensand  chert  along  the  top  of  the  Downs,  and  the 
same  general  fall  may  be  observed  as  on  the  northern  side  of  the 
Vale.  .  .  .  Over  this  plain  the  original  stream  found  its  way,  taking 
probably  a  more  serpentine  course  than  it  does  now."  After 
describing  the  formation  of  the  Greensand  escarpments,  Mr. 
Andrews  continues  :— "  The  chalk  escarpments  of  the  Vale  were 
started  by  the  erosion  of  the  Nadder  as  bstnks  when  it  serpentined 
over  the  intervening  Greensand,  but  when  the  main  stream  no 
longer  touched  their  base,  as  it  was  kept  within  the  channel  it 
had  cut  in  the  Gault,  longitudinal  streams  flowing  into  the  side 
streams  continued  the  erosion.  The  water-level  at  that  time 
stood  higher  in  the  Chalk  hills  than  it  does  now,  and  issuing  as 

*  Wiltshire  Arch,  and  Nat.  Hist.  Mag.,  Vd.  xxiv.  p.  258,  1891. 
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Bprings  flowed  right  and  left,  still  further  cutting  away  the 
base  of  the  Chalk.  Before  the  Broad  Chalke  Valley  was  cut  down 
80  deeply,  springs  would  be  thrown  along  the  south  side  of  the 
Chalk  Downs,  as  they  are  now  on  the  northern  side,  and  at  a  much 
higher  level.  These  lines  of  drainage  are  clear  along  the  north  side, 
though  they  are  less  clear  on  the  south  side,  being  obUterated  by 
subsequent  rain  action.  While  this  river-action  at  the  base  of  the 
escarpment  was  going  on,  landslips,  no  doubt,  often  took  place, 
and  thus  the  hills  retreated  to  their  present  position." 

Dorsetshire,— This  county  also  presents  us  with  two  types 
of  chalk  escarpment,  (1)  that  which  runs  southward  from  Mel- 
bury,  near  Shaftesbury,  and  is  continued  toward  the  south-west 
as  far  as  the  village  of  Stoke  Wake,  where  it  is  again  deflected 
southward  to  Melcombe  Bingham ;  (2)  the  western  range  of 
Chalk  hills  between  Melcombe  Bingham  and  Cheddington,  to- 
gether with  the  broken  escarpments  west  of  Maiden  Newton. 

The  first  of  these  ranges  presents  a  normal  aspect,  for  though 
the  front  of  that  part  which  runs  south  from  Melbury  Hill  is 
much  indented  by  fine  combes,  yet  its  summit  ridge  is  continuous 
and  has  a  nearly  level  top  sloping  very  gradually  from  north  to 
south,  and  bearing  on  its  surface  a  gravelly  soil  of  greater  or  less 
depth.  Its  other  portion  west  of  the  gap  through  which  the 
Stour  runs  is  less  broken  by  combes  and  presents  a  very  bold 
and  steep  face  with  a  continuous  summit  ridge  capped  through- 
out by  "  clay-with-flints."  It  is  evident  that  these  ridges  are 
parts  of  an  ancient  plane  of  erosion  or  denudation. 

West  of  Melcombe  Bingham,  however,  the  features  of  the  escarp- 
ment are  very  different,  for  it  is  by  no  means  continuous,  but 
ij  broken  by  a  niunber  of  gaps  or  passes  which  form  the  heads 
of  valleys  opening  southward  and  occupied  by  streams  flowing 
in  that  direction.  In  some  of  these  gaps  the  chalk  is  completely 
cut  through  and  the  Greensand  exposed  not  only  on  the  water- 
shed ])ut  for  some'  distance  down  the  valley  ;  this  is  notably  the 
case  in  the  valley  of  the  Cerne.  The  brook  which  is  regarded 
a^  the  head  water  of  the  Frome  has  cut  its  channel  through  the 
Greensand  for  a  distance  of  more  than  four  miles,  from  Evershot 
to  Maiden  Newton  and  the  Toller  brook  which  joins  it  at  that 
place  from  the  west  has  cut  down  to  the  same  horizon,  so  that 
the  tract  of  chalk  which  extends  to  the  north-west  by  Beaminster 
to  Cheddington  is  completely  isolated  from  the  rest  of  the  Chalk 
country  and  beyond  it  are  a  few  small  outliers  which  mark  the 
former  extension  of  the  Chalk  escarpment  into  Somerset. 

If  we  seek  for  the  cause  of  this  broken-up  condition  of  the  western 
portion  of  the  Chalk  escarpment  we  soon  perceive  that  the  general 
course  of  the  principal  valleys  in  this  district  is  from  north  to  south. 
It  seems  tolerably  certain  that  when  the  courses  of  these  valleys 
were  first  marked  out  the  main  watershed  of  the  country  lay  fa^' 
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to  the  north  of  its  present  position.  *  Here,  in  fact,  the  explanation 
suggested  by  Topley  for  the  passes  in  the  South  Downs  is  much 
more  obviously  true ;  the  valley-system  was  commenced  long 
before  the  escarpment  had  receded  to  its  present  position,  and 
the  valley-passes  which  interrupt  its  continuity  are  the  truncated 
parts  of  valleys  which  once  extended  much  farther  northward. 
We  may  therefore  infer  that  this  portion  of  the  escarpment  has 
receded  much  more  rapidly  than  the  more  easterly  portion.  An 
examination  of  its  frontal  slope  confirms  this  idea,  for  it  is  cum- 
bered in  many  places  with  landslips,  and  some  of  these  are  of  recent 
date,  so  that  we  may  even  say  that  the  recession  of  the  scarp  is 
Jit  ill  in  progress. 

Moreover  the  very  same  cause  alx)ve  indicated  as  responsible 
for  the  broken  state  of  the  western  part  of  the  Chalk  escarpment 
will  also  account  for  the  unbroken  condition  of  the  eastern  part 
between  Melbury  and  Stourpaine,  for  this  range  must  have  origi- 
nated as  the  bank  of  a  stream  flowing  southward  into  the  Stour ; 
part  of  this  valley  indeed  still  remains  north  of  Stourpaine,  and 
the  Iwerne  brook  which  runs  through  it  may  be  regarded  as 
the  reduced  representative  of  the  longer  stream  which  rose  some- 
where to  the  west  of  Melbury  Hill.  It  is  clear  that  a  ridge  which 
forms  one  side  of  a  tributary  valley  and  is  parallel  to  the  general 
run  of  the  drainage  system  is  not  likely  to  be  cut  back  so  rapidly 
as  a  ridge  which  crosses  the  general  line  of  drainage  and  is  traversed 
by  many  transverse  valleys.  The  small  portion  of  continuous 
escarpment  west  of  Okeford  has  probably  been  preserved  because 
it  lay  originally  on  the  southern  side  of  a  valley  whose  waters 
drained  eastward  into  the  Stour. 

North  Wiltshire, —The  Chalk-escarpments  of  the  Vale  of  Pewsey 
are  of  the  normal  kind  and  have  a  general  resemblance  to  those 
of  the  North  and  South  Downs,  corresponding  even  in  the  fact 
that  the  northern  range  has  a  continuous  unbroken  summit 
ridge,  while  the  southern  range  is  much  more  irregular  with  at 
least  two  gaps  or  passes  besides  the  wide  one  which  gives  passage 
to  the  river  Avon. 

Further  north,  however,  in  that  part  of  Wiltshire  which  lies  to 
the  north  of  the  Kennet  Valley  there  is  a  peculiar  arrangement 
of  escarpments  which  deserves  attention.  In  this  district  there 
is  an  outer  escarpment  formed  of  the  Upper  Greensand  and  Lower 
Chalk,  and  an  inner  one  consisting  chiefly  of  Middle  Chalk  capped 
by  more  or  less  of  the  Upper  Chalk.  The  ridge  of  the  outer 
escarpment  attains  a  height  of  700  feet  near  Clyffe  Pypard,  falling 
gradually  thence,  both  toward  the  south  and  the  east,  to  levels 
of  about  560  feet.  The  inner  escarpment  rises  from  about  660  feet 
to  heights  of  nearly  900  feet  on  Hackpen  Hill  and  Liddington 
Hill. 

*  See  The  Origin  of  the  Valleys  in  the  Chalk  Downs  of  North  Dorset, 
Froc.  Dorset  Nat.  Hist,  and  Aut.  Field  Club,  Vol.  xvL  p.  5. 
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The  two  escarpments  are  about  five  miles  apart  to  the  east  of 
Galne,  but  the  distance  between  them  becomes  gradually  less 
to  the  north-east,  till  in  White  Horse  Hill  they  are  again  united 
in  one  slope.  The  cause  of  this  wide  separation  of  the  outcrops 
is  not  very  clear,  but  the  high  level  to  which  the  base  of  the  Green- 
sand  rises  on  the  outer  slope  may  have  something  to  do  with  it, 
and  we  must  remember  also  that  the  district  is  part  of  a  great 
central  watershed,  whence  streams  flow  westward  to  the  Gloucester- 
shire Avon  and  eastward  into  the  Thames. 

Fig.  71  is  a  section  across  these  two  escarpments  along  a  line 
where  they  are  about  three  miles  apart,  it  shows  the  long  and  gentle 
easterty  slope  of  the  Lower  Chalk  to  the  course  of  the  Winterboum 
brook  and  the  gradual  rise  thence  to  the  scarp  of  Hackpen  Hill, 
which  forms  the  border  of  the  Marlborough  Downs.  The  surface 
of  the  Lower  Chalk  forms  a  broad  high-level  terrace  or  plateau 
which  varies  little  in  general  elevation,  but  the  upper  escarp 
ment  is  a  ridge  of  irregular  height  and  its  inner  slope  is  carved 
out  into  a  series  of  ridges  and  combes. 

In  Berkshire,  near  Wantage,  the  Lower  Chalk  again  separates 
itself  from  the  higher  parts  of  the  formation  and  forms  a  low 
subsidiary  escarpment  (see  Fig.  72),  while  the  outcrop  of  the 
Melboum  Bock  forms  a  second  terrace  between  that  of  the  Lower 
Chalk  and  the  summit  ridge  of  the  escarpment  The  width 
of  these  two  terraces  varies  much,  but  they  are  more  or  less  de- 
veloped all  along  the  Berkshire  outcrop  and  into  the  valley  of  the 
Thames. 

The  Ghiltem  Hills.— In  the  Chiltem  range,  and  in  its  northerly 
continuation  through  the  counties  of  Bedford  and  Hertford,  the 
frontal  contour  of  the  escarpment  varies  considerably,  but  as  a  rule 
the  outcrop  of  the  Melbourn  Bock  forms  a  conspicuous  feature  and 
leads  to  the  development  of  a  step  or  terrace  between  the  slope 
of  the  Ix)wer  Chalk  and  that  of  the  Middle  and  Upper  Chalk. 

In  the  more  northern  part  of  the  range,  where  the  Totternhoe 
Stone  is  well  developed  and  the  dip  of  the  beds  is  very  sHght  this 
bed  also  forms  a  feature,  and  there  are  then  three  slopes,  each  form- 
ing the  border  or  descent  from  a  step  or  terrace  of  greater  or 
less  width. 

From  the  Thames  Valley,  as  far  as  Bledlow,  in  Bucks,  the  escarp- 
ment is  a  continuous  ridge,  but  beyond  that  its  upper  level,  or 
the  portion  above  the  outcrop  of  the  Melbourn  Bock,  is  broken 
by  broad  gaps  or  passes,  which  are  connected  with  valleys  opening 
to  the  south  or  south-east.  These  gaps  seem  to  be  truncated 
parts  of  valleys  which  were  excavated  out  of  the  former  extension 
of  the  Chalk  plateau,  at  a  time  when  the  line  of  its  escarpment 
held  a  much  more  advanced  position  to  the  north-west.  The 
depressions  foiined  by  these  truncated  valleys  cut  up  the  present 
escarpment  into  separate  blocks,  the  frontal  slopes  of  which  s 
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out  beyond  the  recesses  in  which  these  high-level  valleys  now 
terminate. 

White  Cross  Hill,  west  of  Risborough,  is  one  of  these  projecting 
blocks,  on  the  slope  of  which  a  large  cross  has  been  cut  out  of  the 
short  turf.  ^*  It  is  also  remarkable  for  the  small  conical  hills  at 
its  northern  and  southern  promontories.  To  an  observer  stand- 
ing on  either  of  these  terminal  hills  it  does  not  seem  difficult  to 
understand  the  method  of  their  formation.  Both  slopes  of  the 
promontories  are  indented  by  depressions  formed  by  the  detritive 
action  of  rain,  and  leading  down  into  the  combes  on  either  side.  Two 
of  these  depressions  have  in  each  case  been  so  widened  and  extended 
by  the  rain  directed  into  them  that  they  have  met  on  the  summit 
of  the  ridge,  and  have  formed  a  col  or  depression  across  it,  so  as 
to  cut  oflf  the  terminal  portion  of  the  promontory.  The  northern 
hill  is  still  capped  by  a  platform  of  Chalk  Rock,  and  is  united  to 
the  main  mass  by  a  [narrow]  neck  of  that  bed ;'  the  other  is 
entirely  separated,  and  only  a  few  fragments  remain  ot  its  former 
rock-cap.'** 

Such  semi-detached  hills  illiistrate  the  manner  in  which  all 
outliers  have  been  isolated,  and  also  explain  the  conical  form  of 
many  hills  from  which  the  original  capping  of  hard  rock  has  been 
removed. 

Another  fine  example  of  such  conical  hills  occxma  near  Kimble, 
and  stands  in  front  of  Long  Down.  "  The  combe  forks  at  the 
base  of  the  hill,  and  the  two  branches  have  already  cut  their 
channels  in  such  a  way  as  to  meet  again.  In  time  the  gradual 
dissolving  away  of  the  chalk  along  these  channels  may  make  the 
hill  still  more  detached,  like  the  one  further  off  on  the  right." 
(Whitaker,  (yp.  cU.  p.  489.) 

Chequers  Park,  which  includes  part  of  the  escarpment  range 
above  Great  and  Little  Kimble,  is  one  of  the  most  beautiful 
demesnes  in  England,  with  its  combes  and  wooded  slopes,  its 
"Velvet  Lawn  "and  "  Cymbeline's  Mount."  In  1889  I  wrote 
of  this  as  follows  :— "  The  escarpment  is  very  steep,  and  is  trenched 
by  some  magnificent  combes,  several  of  which  remain  in  their 
natural  state,  the  slopes  being  partly  covered  with  short  green 
turf,  partly  with  thickets  of  box,  and  partly  with  copses  of  trees, 
the  whole  forming  a  piece  of  scenery  unsurpassed  by  that  of  any 
other  place  along  the  escarpment."  {Of.  cil,  p.  489.)  The 
floors  of  the  combes  form  even  grassy  walks,  and  it  is  one  of  these 
that  is  known  as  Velvet  Lawn.  C^mbeline's  Mount  is  a  small 
conical  hill,  apparently  crowned  by  a  tumulus,  so  that  it  is  partly 
natural  and  partly  artificial. 

Hertfordshire,  Cambridgeshire,  and  Suffolk. --'Nesir  Hitchin  the 
tract  of  country  occupied  by  the  outcrop  of  the  Lower  and  Middle 
Chalk  widens  out  considerably,  and  instead  of  there  being  one 

*  Quoted  from  the  "  Geology  of  London,"  Mem.  Geol.  Survey  p.  488 
(1889;. 
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dominant  escarpment,  with  one  or  two  terraces  in  its  descent, 
it  separates  into  three  definite  escarpment-ridges,  each  with  its 
steeper  frontal  slope,  and  its  more  gently-inclined  backward  slopes, 
the  outer  ridge  corresponding. with  the  outcrop  of  the  Totternhoe 
Stone,  the  second  one  with  that  of  the  Melbourn  Bock,  and  the 
third  with  that  of  the  Chalk  Rock,  this  last  being  almost 
always  the  boldest  and  the  highest.  In  this  way  the  outcrop  of 
beds,  which  in  the  South  of  England  are  often  comprised  within 
a  single  slope  not  more  than  a  quarter  of  a  mile  broad,  is  spread 
out  over  a  tract  of  country  which  is  often  from  five  to  six  miles 
in  width. 

These  features  continue  to  present  themselves  as  far  as  the 
neighbourhood  of  Newmarket,  but  between  that  town  and  Bury 
St.  Edmunds  the  upper  escarpment  gradually  declines  in  height 
and  ceases  to  exist.  This  may  be  partly  owing  to  the  dying  out 
of  the  hard  Chalk  Rock,  which  seems  to  disappear  simultaneously, 
but  I  think  it  most  probable  that  this  escarpment  was  originally 
continued  through  the  northern  part  of  Suftblk  and  into  Norfolk, 
though  perhaps  its  features  were  always  less  pronounced  than 
they  were  in  more  southern  counties.  If  this  was  the  case,  its 
ridge  has  been  completely  planed  down  by  the  ice  of  the  Glacial 
Period,  and  the  whole  region  has  been  covered  with  a  mantle  of 
Glacial  Drift,  through  which  the  Chalk  now  peeps  out  in  irregular 
patches. 

LiTicolnshire  and  Yorkshire.— In  Lincolnshire  the  escarpment 
of  the  Chalk  once  more  becomes  a  conspicuous  feature,  but  it 
differs  in  some  respects  from  those  which  have  been  described 
above.  Thus  the  thickness  of  chalk  which  crops  out  below  its 
summit  ridge  is  small  (less  than  100  feet),  and  the  greater  part 
of  the  frontal  slope  consists  either  of  Lower  Cretaceous  beds  or 
of  Jurassic  clays,  according  as  the  Chalk  oversteps  the  one  series 
on  to  the  other.  Thus  the  escarpment  of  the  Chalk  itself  is  only 
the  upper  part  of  the  slope  which  forms  the  descent  from  the 
Wolds.  Again,  there  is  seldom  any  second  slope  or  rise  from 
the  outcrop  of  the  Lower  Chalk  to  that  of  the  Chalk  with  flints, 
and  as  a  rule  the  escarpment-ridge  is  the  dominant  feature,  forming 
a  continuous  watershed,  and  separjiting  the  valleys  of  the  Wolds 
from  thoae  of  the  country  to  the  westward. 

There  are,  however,  two  breaks  in  the  continuity  of  the  escarp- 
ment, one  near  the  southern  end,  where  the  valley  of  the  Calceby 
beck  cuts  completely  through  the  Wolds,  running  from  west  to 
east ;  the  other  north  of  Donnington,  where  it  is  deeply  indented 
by  the  head  waters  of  streams  which  unite  to  form  the  river  Bain. 
Beyond  this  point,  and  all  through  North  Lincolnshire,  there  is  a 
continuous  escarpment-ridge,  except  that  at  Melton  Ross  there 
is  a  well-marked  depression  or  pass,  which  appears  to  be  a  truncated 
valley.    Everywhere  the  frontal  edge  of  the  escarpment  is  a  more 
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out  beyond  the  recesses  in  which  these  high-level  valleys  now 
terminate. 

White  Cross  Hill,  west  of  Bisborough,  is  one  of  these  projecting 
blocks,  on  the  slope  of  which  a  large  cross  has  been  cut  out  of  the 
short  turf.  '*  It  is  also  remarkable  for  the  small  conical  hills  at 
its  northern  and  southern  promontories.  To  an  observer  stand- 
ing on  either  of  these  terminal  hills  it  does  not  seem  difficult  to 
understand  the  method  of  their  formation.  Both  slopes  of  the 
promontories  are  indented  by  depressions  formed  by  the  detritive 
action  of  rain,  and  leading  down  into  the  combes  on  either  side.  Two 
of  these  depressions  have  in  each  case  been  so  widened  and  extended 
by  the  rain  directed  into  them  that  they  have  met  on  the  summit 
of  the  ridge,  and  have  formed  a  col  or  depression  across  it,  so  as 
to  cut  oflf  the  terminal  portion  of  the  promontory.  The  northern 
hill  is  still  capped  by  a  platform  of  Chalk  Bock,  and  is  united  to 
the  main  mass  by  a  [narrow]  neck  of  that  bed  y  the  other  is 
entirely  separated,  and  only  a  few  fragments  remain  ol  its  former 
rock-cap."* 

Such  semi-detached  hills  illiistrate  the  manner  in  which  all 
outliers  have  been  isolated,  and  also  explain  the  conical  form  of 
many  hills  from  which  the  original  capping  of  hard  rock  has  been 
removed. 

Another  fine  example  of  such  conical  hills  occ\u*s  near  Kimble, 
and  stands  in  front  of  Long  Down.  ''  The  combe  forks  at  the 
base  of  the  hill,  and  the  two  branches  have  already  cut  their 
channels  in  such  a  way  as  to  meet  again.  In  time  the  gradual 
dissolving  away  of  the  chalk  along  these  channels  may  make  the 
hill  still  more  detached,  like  the  one  further  off  on  the  right." 
(Whitaker,  op,  cit.  p.  489.) 

Chequers  Park,  which  includes  part  of  the  escarpment  range 
above  Gre^t  and  Little  Kimble,  is  one  of  the  most  beautiful 
demesnes  in  England,  with  its  combes  and  wooded  slopes,  its 
"Velvet  Lawn  "and  "  Cymbeline's  Mount."  In  1889  I  wrote 
of  this  as  follows  :— '*  The  escarpment  is  very  steep,  and  is  trenched 
by  some  magnificent  combes,  several  of  which  remain  in  their 
natural  state,  the  slopes  being  partly  covered  with  short  green 
turf,  partly  with  thickets  of  lx)x,  and  partly  with  copses  of  trees, 
the  whole  forming  a  piece  of  scenery  unsurpassed  by  that  of  any 
other  place  along  the  escarpment."  (Op,  cit,  p.  489.)  The 
floors  of  the  combes  form  even  grassy  walks,  and  it  is  one  of  these 
that  is  known  as  Velvet  Lawru  Cymbeline's  Mount  is  a  small 
conical  hill,  apparently  crowned  by  a  tumulus,  so  that  it  is  partly 
natural  and  partly  artificial. 

Hertfordshire,  Garnbridgeskire,  and  Suffolk,— "Near  Hitchin  the 
tract  of  country  occupied  by  the  outcrop  of  the  Lower  and  Middle 
Chalk  widens  out  considerably,  and  instead  of  there  being  one 

*  Quoted  from  the  "  Geology  of  London,"  Mem.  Geol.  Sxu-vey  p.  488 
(1889;. 
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dominant  escarpment,  with  one  or  two  terraces  in  its  descent, 
it  separates  into  three  definite  escarpment-ridges,  each  with  its 
steeper  frontal  slope,  and  its  more  gently-inclined  backward  slopes, 
the  outer  ridge  corresponding. with  the  outcrop  of  the  Totternhoe 
Stone,  the  second  one  with  that  of  the  Melbourn  Bock,  and  the 
third  with  that  of  the  Chalk  Hock,  this  last  being  almost 
always  the  boldest  and  the  highest.  In  this  way  the  outcrop  of 
beds,  which  in  the  South  of  England  are  often  comprised  within 
a  single  slope  not  more  than  a  quarter  of  a  mile  broad,  is  spread 
out  over  a  tract  of  country  which  is  often  from  five  to  six  miles 
in  width. 

These  features  continue  to  present  themselves  as  far  as  the 
neighbourhood  of  Newmarket,  but  between  that  town  and  Bury 
St.  Edmunds  the  upper  escarpment  gradually  declines  in  height 
and  ceases  to  exist.  This  may  be  partly  owing  to  the  dying  out 
of  the  hard  Chalk  Bock,  which  seems  to  disappear  simultaneously, 
but  I  think  it  most  probable  that  this  escarpment  was  originally 
continued  through  the  northern  part  of  Suffolk  and  into  Norfolk, 
though  perhaps  its  features  were  always  less  pronounced  than 
they  were  in  more  southern  counties.  If  this  was  the  case,  its 
ridge  has  been  completely  planed  down  by  the  ice  of  the  Glacial 
Period,  and  the  whole  region  has  been  covered  with  a  mantle  of 
Glacial  Drift,  through  which  the  Chalk  now  peeps  out  in  irregular 
patches. 

Lincolnshire  and  Yorkshire,— In  Lincolnshire  the  escarpment 
of  the  Chalk  once  more  becomes  a  conspicuous  feature,  but  it 
differs  in  some  respects  from  those  which  have  been  described 
above.  Thus  the  thickness  of  chalk  which  crops  out  below  its 
summit  ridge  is  small  (less  than  100  Jeet),  and  the  greater  part 
of  the  frontal  slope  consists  either  of  Ix)wer  Cretaceous  beds  or 
of  Jurassic  clays,  according  as  the  Chalk  oversteps  the  one  series 
on  to  the  other.  Thus  the  escarpment  of  the  Chalk  itself  is  only 
the  upper  part  of  the  slope  which  forms  the  descent  from  the 
Wolds.  Again,  there  is  seldom  any  second  slope  or  rise  from 
the  outcrop  of  the  Lower  Chalk  to  that  of  the  Chalk  with  flints, 
and  as  a  rule  the  escarpment-ridge  is  the  dominant  feature,  forming 
a  continuous  watershed,  and  separi^ting  the  valleys  of  the  Wolds 
from  tho^e  of  the  country  to  the  westward. 

There  are,  however,  two  breaks  in  the  continuity  of  the  escarp- 
ment, one  near  the  southern  end,  where  the  valley  of  the  Calceby 
beck  cuts  completely  through  the  Wolds,  running  from  west  to 
east ;  the  other  north  of  Donnington,  where  it  is  deeply  indented 
by  the  head  waters  of  streams  which  unite  to  form  the  river  Bain. 
Beyond  this  point,  and  all  through  North  Lincolnshire,  there  is  a 
continuous  escarpment-ridge,  except  that  at  Melton  Boss  there 
is  a  well-marked  depression  or  pass,  which  appears  to  be  a  truncated 
valley.    Everywhere  the  frontal  edge  of  the  escarpment  is  a  more 
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or  less  sinuous  line,  with  frequent  combes  and  recesses,  which 
have  been  eaten  out  by  the  action  of  rain  and  springs. 

In  Yorkshire  there  is  once  more  a  change,  for  along  the  western 
border  of  the  Yorkshire  Wolds  the  Chalk  can  hardly  be  said  to 
form  an  escarpment.  There  is  no  regular  slope  rising  steeply 
from  the  Jurassic  plain  into  a  continuous  dominant  ridge ;  on 
the  contrary,  in  the  southern  part  of  the  area  and  as  far  north 
as  Huggate,  the  watershed  is  an  irregular  line  running  through 
the  Wolds  at  some  distance  from  their  western  border,  and  the 
western  versant  is  furrowed  by  deep  valleys,  which  drain  into 
the  river  Derwent.  Consequently,  when  viewed  from  the  west 
the  Wolds  have  the  appearance  of  an  undulating  range  of  hills, 
and  a  transverse  section  generally  shows  first  a  slope  formed 
by  the  Lower  Chalk,  and  further  east  a  longer  one  formed  by 
the  Chalk  with  flints  (see  Fig.  67). 

It  is  only  along  the  northern  border  from  Knapton  eastward 
that  there  is  a  continuous  escarpment-ridge,  and  even  this  is 
interrupted  by  the  Hunmanby  fault,  which  carries  the  Chalk 
on  one  side  below  the  alluvium  of  the  Vale  of  Pickering.  The 
ridge,  however,  is  continued  eastward  from  Hunmanby  till  it 
is  cut  off  in  Speeton  cliffs. 

Chalk  Uplands. 

Behind  every  Chalk  escarpment  there  is  a  tract  of  greater  or 
less  width,  which  may  be  called  an  "  upland,"  inasmuch  as  it 
consists  of  high  round-backed  ridges  of  chalk,  branching  out  from 
the  summit  of  the  main  escarpment;  each  such  ridge  dividing 
into  shorter  ridges,  divided  from  each  other  by  deep  combes  or 
valleys. 

These  Chalk  uplands,  when  bare  of  surface  deposits,  form  open 
"  downs,"  covered  with  short  turf  but  without  trees,  though 
on  their  slopes  scattered  bushes  of  box  and  juniper  are  sometimes 
to  be  seen,  and  sometimes  a  few  gnarled  old  thorn  bushes.  When, 
however,  the  ridges  are  capped  by  a  surface  deposit  of  brickearth 
or  of  clay-with-flints,  they  bear  (or  formerly  bore)  extensive  woods, 
sometimes  of  small  oaks  and  thorns,  but  more  frequently  of  fine 
beech  trees.  Of  such  beech  woods  good  examples  are  still  to  be 
seen  on  the  Chiltern  Hills  and  on  Cranborne  Chase,  but  even 
there  they  have  been  much  reduced  during  the  past  century, 
large  tracts  having  been  enclosed,  deforested,  and  converted  into 
arable  land. 

The  scenery  of  such  Chalk  uplands  is  probably  familiar  to  most 
peopde  who  have  lived  in  the  south  or  east  of  England,  and  it  has 
been  described  by  several  popular  writers,  notably  by  Charles 
Kingsley  in  his**  Yeast,"  andby  KD.Blackmorein  '*  Alice  Lorraine." 

But  besides  such  uplands  as  lie  l)ehind  the  ranges  of  the  North 
and  South  Downs,  and  that  of  the  Cliiltern  Hills,  there  are  some 
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Chalk  districts  of  larger  size  which  merit  some  special  description  ; 
these  are  the  Hampshire  Downs,  Salisbury  Plain,  Cranborne 
Chase,  Marlborough  Downs,  and  the  Wolds  of  Lincolnshire  and 
Yorkfi^iire. 

Ths  Hampshire  Dovms.^The  chalk  region  of  Hampshire  forms, 
with  Salisbury  Plain,  the  largest  tract  of  chalk-land  in  the  whole 
country.  It  occupies  about  half  the  surface  area  of  Hampshire, 
occupying  all  that  part  of  the  county  which  lies  to  the  west 
of  the  Weald.  The  hills  which  form  its  eastern  border  are  often 
csdled  the  Alton  Hills ;  they  rise  above  the  escarpment  of  the  Lower 
Chalk,  and  form  a  very  irregular  second  escarpment,  rising  in 
places  to  m6re  than  700  feet.  To  the  northward  the  ground  gra- 
dually rises  into  another  range  of  hills,  which  pass  round  the 
southern  border  of  the  Vale  of  Kingsclere,  and  the  Vale  of 
Shalboum,  and  two  of  their  summits  rise  to  over  900  feet.  In  the 
south  there  is  also  some  high  ground,  between  Meon  and  the  valley 
of  the  Itchen,  forming  a  continuation  of  the  South  Downs. 

These  hill-ranges  are,  however,  only  the  highest  parts  of  a 
wide  tract  of  undulating  country  which  may  well  be  called  the 
Hampshire  Uplands,  for  there  are  few  parts  where  the  chalk 
ridges  do  not  rise  to  500  feet  above  the  sea.  It  consists,  in  fact, 
of  a  succession  of  broad-rolling  downs  intersected  by  a  branchmg 
network  of  valleys.  Between  Odiham  and  Sishop's  Waltham 
it  has  a  width  of  twenty-three  miles  from  north  to  south,  and 
in  the  north-west  of  the  county  its  width  is  about  twenty-one 
miles.  A  fine  view  of  the  western  part  of  these  uplands  may  be 
obtained  from  any  of  the  hill-tops  between  Highclere  and  Inkpen 
on  the  northern  border,  and  the  following  description  of  this  view 
is  from  the  pen  of  the  late  Mr.  H.  W.  Bristow  :— 

"  From  these  lofty  heights  the  eye  commands,  on  a  clear  day, 
a  view  over  a  wide  extent  of  beautiful  scenery  in  all  directions : 
looking  towards  the  south  the  eye  ranges  over  a  broad  and  un- 
dulating landscape,  composed  for  tho.  most  part  of  brown, 
turf-covered  hills,  with  bold,  rounded  sides,  and  deep  waterless 
valleys ;  both,  as  a  general  rule,  bare  of  trees,  and  either  in  a  state 
of  nature,  or  only  under  cultivation  here  and  there.  Such  is  the 
general  aspect  of  the  [nearer  portion],  but  stretching  away  into 
the  distance  is  the  more  gently  undulating  tract  of  the  tipper 
Chalk,  whose  valleys,  well  watered  by  streams  and  rivers  and 
adorned  with  trees,  give  rise  to  scenery  of  a  [different]  kind.'' 

The  population  of  the  district  is  scanty,  and  such  towns  and 
villages  as  exist  are  ranged  along  the  courses  of  the  streams.  The 
presence  of  these  streams  is  due  tq  the  high  general  elevation  of 
the  region  and  the  consequent  high  level  to  which  the  subter- 
ranean plane  of  satiiration  (or  water-level)  rises  in  the  central 
parts.     The  main  drainage  of  the  upland  is  carried  off  by  the 
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Rivera  Test  and  Itchen,  which  flow  southward.  These  watered 
valleys  are  of  the  type  which  has  been  well  described  by  Eingsley  :— 
"  Of  all  the  species  of  lovely  scenery  which  England  holds,  none, 
perhaps,  is  more  exquisite  than  the  banks  of  the  chalk  rivers ; 
the  perfect  limpidity  of  the  water,  the  gay  and  luxuriant  vegeta- 
tion of  the  banks  and  ditches,  the  masses  of  noble  wood  embosom- 
ing the  villages,  the  unique  beauty  of  the  water-meadows— living 
sheets  of  emerald  and  silver,  tinkling  and  sparkling,  cool  under 
the  fiercest  sun,  brilliant  under  the  blackest  clouds.'' 

SaXifhury  Plain,  is  the  western  continuation  of  the  Hampshire 
Uplands  and  the  description  above  given  is  equally  applicable 
to  this  district,  which  is  not  truly  a  plain  but  a  wide  expanse  of 
undulating  country ;  its  rounded  ridges  rise  one  beyond  another, 
hiding  the  intervening  vales,  but  it  is  seldom  that  one  overtops 
its  neighbour,  so  that  those  in  the  distance  seem  to  form  parts  of 
a  nearly  level  plain. 

Salisbury  Plain  is  bounded  on  the  north  by  the  Vale  of  Pewsey 
and  by  the  westward  continuation  of  its  southern  escarpment 
to  Westbiiry ;  on  the  south-west  it  is  limited  by  the  valley 
of  the  Wily,  and  on  the  south  by  the  Avon  valley,  near 
Salisbury.  It  Ls  drained  by  one  river  (the  Avon)  and  three  bournes, 
which  are  only  watercourses  during  the  winter  months  and  in 
wet  seasons ;  all  of  them  run  from  north  to  south. 

The  extreme  length  of  the  plateau  from  the  eastern  border 
of  Hampshire  to  the  hills  above  Warminster  is  about  twenty-five 
miles,  and  its  width  across  the  centre  from  Wilton  to  l^velsford 
Hill  is  fifteen  miles.  If  Salisbury  Plain  were  reduced  to  one  level 
by  paring  off  the  ridges  to  fill  up  the  valleys,  its  surface  would 
still  probably  be  about  500  feet  above  the  sea,  so  that  it  is  truly 
an  upland  region. 

The  following  general  description  of  the  chalk  lands  of  Wilt- 
shire, applicable  both  to  Salisbiu^y  Plain  and  to  Marlborough 
Downs,  is  quoted  from  the  Rev.  J.  Sowerby's  account  of  its  topo- 
graphy in  the  Rev.  T.  A.  Preston's  volume  on  the  "  Flowering 
Plants  of  Wilts"  *:—" The  great  characteristic  of  the  chalk 
plateau  is  its  vast  extent  of  grass-land,  where  sheep  are  extensively 
pastured.  This  space  is  more  broken  up  each  year  for  cultivation, 
but  often  exhibits  great  tracts  of  grass  with  only  occasional  patches 
of  furze.  .  .  .  The  Upper  Chalk  hills  were  once,  it  is  pro- 
bable, covered  with  extensive  copses,  chiefly  thorns :  remains 
of  these  still  occur  here  and  there,  and  individual  trees  of  great 
size,  some  yet  extant,  others  only  traditional,  attest  the  former 
existence  of  a  primeval  wood.  Monotonous  as  the  surface  of 
the  downs  may  seem  to  be,  the  changes  that  present  themselves 
are  often  singularly  picturesque  and  varied.  After  passing,  it 
may  be  for  hours,  over  the  gently-sloping  grass-plains— all  blue 
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above,  all  green  below— the  traveller  suddenly  sees  below  him 
a  village  embosomed  in  woods,  with  its  picturesque  church  tower 
surrounded  by  fertile  and  well-tilled  land." 

The  Dorsetshire  Downs.— Anothev  large  area  of  Chalk-upland 
commences  in  the  extreme  south  of  Wiltshire  (Cranborne  Chase), 
and  stretches  southward  through  the  northern  part  of  Dorset- 
shire. On  the  north  it  is  Umited  by  the  scarped  range  of  hills 
which  overlooks  the  Vale  of  Broad  Chalke,  and  which  consists  of 
Ijower,  Middle,  and  Upper  Chalk ;  on  the  west  its  border  is  the 
Main  Chalk  escarpment,  and  on  the  south-west  there  is  the  valley 
of  the  Stour  from  Blandf ord  to  Wimborne,  but  this  only  separates 
the  tract  above  indicated  from  the  slightly  narrower  tract  of 
upland  which  forms  the  northern  lip  of  the  Dorchester  basin. 

The  descriptions  already  given  of  the  Hampshire  Downs  and 
Salisbury  Plain  will  apply  almost  as  well  to  the  Dorsetshire 
uplands,  except  that  the  summits  of  the  downs  are  often  somewhat 
broader  and  flatter,  and  that  much  more  of  the  surface  i.^  covered 
by  woods.  Cranborne  Chase  was  originally  all  woodland,  and 
though  some  clearings  have  been  made  in  it  of  late  years,  much 
of  it  Ls  still  wooded,  though  chiefly  by  small  trees  such  as  thorns, 
hazels,  and  hollies.  On  the  west  also,  south  of  Ashmore,  there 
are  some  fair-sized  woods,  but  farther  south  there  are  open  downs 
covered  only  by  grass,  furze,  and  bracken,  while  the  valleys  are 
all  cultivated. 

The  general  slope  of  the  district  is  to  the  south-east,  in  which 
direction  the  chalk  eventually  passes  beneath  the  outcrop  of  the 
Eocene  beds.  The  average  width  of  the  chalk  land  is  about  ten 
miles,  and  it  is  drained  by  two  small  streams— the  Tarrant  Water 
and  the  Allen— the  upper  parts  of  which  run  south-east,  but  are 
afterwards  deflected  to  join  the  Stour. 

The  other  Chalk-uplands  in  Dorsetshire,  to  the  north  and  west 
of  Dorchester,  exhibit  the  usual  features  of  such  country,  and  do 
not  require  any  special  description. 

The  Yorkshire  Wolds,— In  the  more  northern  counties  the  only 
large  area  of  Chalk-upland  is  that  of  the  Yorkshire  Wolds.  Those 
of  Lincolnshire  form  a  long  strip  of  chalk-land,  but  are  nowhere 
of  any  great  width,  varjing  only  from  four  to  six  miles  across. 
The  Yorkshire  Wolds  are  equally  narrow  in  their  southern  part, 
but  broaden  out  northward,  and  as  thev  curve  round  the  town 
of  Driffield  their  width  becomes  as  much  as  ten  or  twelve  miles. 

Some  of  their  features  have  already  been  described  (see  p.  414), 
and  it  has  been  mentioned  that  from  the  Humber  to  Huggate 
Wold  (a  distance  of  about  twenty-three  miles)  there  is  no  escarp- 
ment ridge,  but  a  watershed  which  follows  a  more  or  less  medial 
line  between  the  western  and  eastern  borders  of  the  Wold  country. 
Towards  the  north-west  this  watershed  rises  in  some  places  to  a 
height  of  700  feet,  while  the  Lower  Chalk  on  the  outer  margin 
of  the  Wolds  reaches  little  more  than  600  feet. 

es2i  i>  D 
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It  results  from  this  arrangement  that  the  valleys  of  these  Wolds 
do  not  all  trend  eastward,  as  they  do  in  Lincolnshire,  but  form 
two  separate  and  divergent  systems ;  the  one  set  running  west- 
ward, and  cutting  through  the  outcrop-slope  to  drain  into  the 
River  Derwent ;  the  other  set  opening  eastward  into  the  flat  of 
Holderness.  Even  in  the  northern  part  of  the  Wolds,  where 
there  is  an  escarpment-ridge,  the  valley  system  is  very  irregular, 
most  of  the  smaller  combes  opening  into  the  long  valley  of  the 
Gipsey  Race,  which  runs  from  west  to  east  or  parallel  to  the  general 
strike  of  the  beds. 

There  is  only  one  valley  which  runs  across  the  whole  breadth 
of  the  Wolds ;  this  has  its  highest  branches  among  the  hills  east 
of  Acklam,  and  has  a  length  in  a  winding  course  of  more  than 
fifteen  miles  before  reaching  Driffield.  Nearly  all  the  valleys  are 
of  the  waterless  type  usual  in  chalk-uplands,  the  only  one  occupied 
by  a  permanent  stream  being  that  of  the  Gipsey  Race,  above  men- 
tioned, and  this  often  called  the  '*  Great  Vallev  of  the  Wolds." 

The  Valleys  of  Chalk  Districts. 

The  valleys  which  traverse  the  Chalk  uplands  may  be  divided 
into  two  classes— (1)  the  transverse  valleys  which  breach  the  escarp- 
ments and  are  occupied  by  rivers  rising  outside  the  Chalk  area ; 
(2)  the  irregular  branching  system  of  valleys  which  commence 
inside  the  escarpment  and  seldom  carry  permanent  streams. 

With  the  great  transverse  valleys,  such  as  that  of  the  Thames, 
or  those  of  the  Arun  and  the  Adur  in  Sussex,  we  are  not  concerned 
in  this  memoir,  for  they  form  part  of  the  larger  river-system  of  the 
country  ;  and  our  attention  is  claimed  by  the  valleys  w-hich  lie 
wholly  within  the  Chalk  areas. 

If  anyone  climbs  the  frontal  slope  of  a  Chalk-escarpment,  say 
that  of  the  North  Dowms  or  of  Salisbury  Plain,  he  will  find  on 
reaching  the  top  that  he  does  not  stand  on  a  broad  plateau  as  he 
might  have  expected,  but  on  a  comparatively  narrow  "  ridgeway,'' 
which  is  only  flat  for  the  width  of  a  few  hundred  yards,  and  then 
curves  down  into  a  combe  or  is  continued  out  into  a  long  and 
equally  narrow  round-backed  ridge  between  two  combes  or  dry 
valleys.  The  panorama  before  him  is  in  fact  one  of  an  intricate 
series  of  alternating  ridges  and  valleys,  the  ridges  ending  in 
beautifully-rounded  curves  and  the  valleys  opening  one  into  another 
till  their  connection  is  lost  in  the  distance.  Fig.  73  represents 
an  excellent  case  of  a  single  series  or  group  of  small  valleys 
carved  out  of  a  comer  of  Salisbury  Plain. 

If  the  explorer  descends  into  one  of  these  convergent  combes  he 
will  hot  in  ordinary  seasons  see  any  sign  of  water,  and  if  he  examines 
the  floor  of  the  larger  valley  into  which  the  combe  conducts  him, 
he  will  notice  in  many  cases  that  it  is  uneven,  undulating  slightly 
in  a  way  that  it  would  not  do  if  it  was  ever  occupied  by  continually 
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Fra.  73.— Sketeb  Hap  of  a.  Group  of  Valleys  on  Salufaury  Plain,  Soutli 

of  Urchfont  and  Cherrington. 
Copied  from  the  old  Ordnance  map  {Sh.  14).    Scale  one  inch  to  a  mile. 

running  watei',  even  for  a  few  we«k»  in  the  yeac.  l'oB«ibly,  however, 
after  lie  has  walked  for  a  mile  or  two  he  may  come  to  a  spot  in  the 
valley-way  where  a  curious  cup-shaped  hollow  preeenta  itself,  and 
beyond  which  there  is  a  distinct  watercourse.  In  ordinary 
summers  this  watercourse  will  be  dry,  but  in  wet  seaaons  and  per- 
haps during  every  winter  it  will  be  occupied  by  running  water, 
which  rises  as  a  spring  from  the  hole  or  hollow  aforesaid.  Such 
occasional  or  periodical  streams  are  generally  called  bournes  or 
winter  bournes,  but  in  Sussex  are  known  as  lavarUs. 

The  dry  valleys  which  ramify  into  the  heart  of  the  Chalk-uplanda 
(as  shown  in  Fig,  73)  have  steeply-sloping  eidea,  often  steeper 
than  the  slope  of  the  escarpment  itself,  they  are  deep,  and  the  whole 
district  presents  the  aspect  of  a  country  which  haa  once  been  full 
of  running  brooks  and  streams,  and  out  of  which  a  deeply  cut 
system  of  drainage  haa  been  developed  by  such  agencies.  The 
existence  of  such  valleys  in  districts  which  at  the  present  time 
are  practically  waterless  has  struck  many  observers  as  remarkable 
and  as  a  fact  demanding  explanation. 

The  dryness  of  chalk-uplands  ia  not  due  to  any  lack  of  rain,  for 
of  course  more  rain  falls  upon  them  than  on  the  inland  plains,  but 
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chalk  is  such  an  absorbent  rock  that  the  rain  which  falls  upon  it 
soaks  into  the  soil  very  quickly,  and  the  Utile  rills  that  do  run  down 
the  valley  slopes  after  rain  disappear  at  the  bottom  before  they 
can  gather  into  a  volume  of  running  water.  Only  twice  in  my  own 
experience  have  I  seen  a  dry  chalk-valley  converted  temporarily 
into  a  river.  One  occasion  was  in  the  summer  of  1875,  after  three 
days'  rain,  when  all  the  valleys  which  radiate  from  the  Gog-Magog 
Hills  near  Cambridge  became  watercourses ;  the  other  time  was 
in  July,  1883,  at  Rothwell,  in  Lincolnshire,  when  the  roadway 
along  the  valley  became  a  watercourse,  and  part  of  it,  for  a 
distance  of  80  yards,  was  covered  with  fine  chalk-gravel  washed 
down  from  the  fields  above,  and  other  parts  of  the  roadways 
were  torn  up  into  holes  and  runnels. 

The  rarity  of  such  occasions  makes  it  probable  that  the  valley 
system  of  the  chalk-uplands  was  formed  under  conditions  which 
no  longer  exist,  and  we  have  therefore  to  consider  what  conditions 
may  or  must  have  existed  in  the  past  which  would  facilitate  the 
erosion  of  valleys  out  of  the  chalk.  Several  such  conditions  have 
been  indicated,  and  thi*ee  of  these  can  certainly  be  recognised  as 
efficient  causes,  though  one  of  them  may  have  operated  more  com- 
pletely in  the  more  northern  areas  than  in  the  southern. 

These  conditions  are— (1)  the  cover  of  impervious  clays  which 
once  spread  over  the  Chalk  areas ;  (2)  the  frozen  state  of  the 
ground  during  the  Glacial  period  ;  (3)  the  probable  larger  rainfall 
over  the  British  area  when  the  Glacial  period  was  passing  away. 
The  last  might  not  be  very  eft'ective  by  itself,  but  in  conjunction 
with  either  of  the  other  two  a  greater  rainfall  would  certainly 
cause  more  rapid  erosion  of  valleys. 

The  second  is  doubtless  to  be  regarded  as  one  of  the  final  causes 
which  led  to  the  deepening  of  the  valleys  and  especially  to  the 
formation  of  those  deeply-incised  combes  which  occur  in  such  close 
proximity  to  the  escarpment  ridges.  Mr.  Clement  Eeid  was  the 
first  to  indicate  the  effectiveness  of  this  cause,  especially  in  the  area 
of  the  South  Downs,*  and  the  following  is  quoted  from  his  paper 
on  the  subject.  After  referring  to  a  time  when  the  ground  must 
have  been  frozen  into  a  solid  mass  to  a  considerable  depth  as  it  is 
now  in  Siberia  and  parts  of  Canada,  he  remarks  :  — **  This  would 
modify  the  entire  system  of  drainage  of  the  country  in  a  way  which 
I  do  not  think  has  been  realised.  All  rocks  woiild  be  equally  and 
entirely  impervious  to  water,  and  all  springs  would  fail ;  while 
these  conditions  lasted  any  rain  falling  in  the  summer  woiild  be 
unable  to  penetrate  more  than  a  few  inches.  Instead  of  sinking 
into  the  chalk  or  other  pervious  rock,  and  being  slowly  given  out 
in  springs,  the  whole  rainfall  would  immediately  run  off  any 
steep  slopes  like  those  of  the  Downs  and  form  violent  and  transitory 
moimtain  torrents  ....    Each  of  these  floods  would  have  an 


Quart.  Joiu-n.  Ged.  See.,  Vol.  xliii.  p.  364  (1887). 


PHYSICAL   PEATtJBES  OF  CHALK   DISTRICTS.  421 

enormous  scouring  and  transporting  power  ,  .  .  .    This  I  believe 
was  the  origin  of  oiir  steep-sided  combes  and  of  the  Coombe  Kock. 

It  may  be  added  that  even  when  the  cUmate  was  so  far  amelio- 
rated that  the  ground  no  longer  remained  frozen  through  the 
summer,  such  action  would  still  go  on  in  the  spring  of  the  year, 
and  Dr.  Hinde  stated  (Loc.  cit.,  p.  373)  that  in  Canada,  "  where 
the  ground  is  solidly  frozen  to  a  certain  depth  each  winter,  a 
greater  amount  of  denudation  is  effected  in  twenty-four  hours, 
at  the  sudden  break-up  of  the  frost  in  spring,  than  takes  place 
during  the  whole  of  the  rest  of  the  year/' 

But  while  these  conditions  help  us  greatly  in  understanding 
the  formation  of  the  deep  coombesand  short  valleys  in  the  higher 
parts  of  the  Downs,  we  must  remember  that  this  cause  can  only 
have  operated  during  the  period  of  Glacial  cold,  and  that  we  have 
very  good  reasons  for  beUeving  that  the  main  valley  system  of  the 
Chalk  areas  was  established  long  before  the  Glacial  Period  began. 
The  present  valleys  are  only  more  deeply  incised  portions  of  a  more 
ancient  drainage  system. 

We  come,  therefore,  to  the  consideration  of  "  clay-covers,"  and 
there  are  three  different  clays  which  have  at  one  time  or  another 
served  as  covers  on  different  parts  of  the  Chalk  area  ;  these  are  the 
clays  of  the  Woolwich  and  Beading  Beds,  the  London  Clay  and  the 
Glacial  Boulder-clays.  The  consequences  attributable  to  the  former 
existence  of  a  mantle  of  Boulder-clay  spread  over  a  chalk  country 
were,  I  believe,  fii'st  pointed  out  by  Mr.  Penning  and  myself  in 
1881*  ;  and  were  more  particularly  described  by  me  in  1887 .f 
Although  this  refers  to  a  cover  of  Boulder-clay,  the  process  of  valley 
making  would  be  similar  in  the  case  of  any  other  clay-cover,  and 
so  the  description  of  it  given  in  the  latter  Memoir  may  be  quoted 
here  :  — 

"  It  is  tolerably  certain,  therefore,  that  the  greater  portion  of 
the  Chalk  area  was  covered  with  a  mantle  of  Boulder-clay,  which 
invested  hill  and  dale  alike  in  one  continuous  sheet  ....  Such 
being  the  case,  it  is  clear  that  the  rain  which  fell  on  the  surface 
would  not  soak  into  the  Chalk,  as  it  does  now,  but  would  couise 
freely  over  the  land  ;  the  whole  rainfall  would  consequently  be 
made  available  for  erosive  purposes,  and  rain  would  be  collected 
into  rapid  streams  in  situations  where  no  water  ever  runs  at  the 
present  time. 

"  The  course  taken  by  these  brooks  and  ton*ents  would  be  deter- 
mined by  the  u-regularities  in  the  surface  of  the  Boulder-clay, 
and  their  channels,  once  formed,  would  te  continually  deepened 
until  they  reached  the  surface  of  the  miderlying  Chalk.  This 
[rock]  also  would  be  deeply  trenched  as  long  as  so  much  of  the  clay- 
mantle  remained  as  sufficed  to  shed  the  greater  portion  of  the 

*  Geology  of  the  Neighbourhood  of  Cambridge,  p.  122,  Mem.  CJeol. 
Survey  (1881). 
t  Geology  of  East  Lincolnshire,  p.  126,  Mem.  Geol.  Survey  (1881). 
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rainfall  into  these  channels.  It  is  probable,  however,  that  this 
clay-mantle  was  very  thin  on  the  higher  ground,  and  as  it  was 
gradually  removed  by  the  general  detrition  of  the  surface  a  larger 
and  larger  area  of  bare  chalk  would  be  exposed,  and  more  and  more 
of  the  rainfall  would  be  exposed." 

In  LincolnHhire,  however,  as  in  other  parts  of  EIngland,  there 
is  clear  evidence  that  most  of  the  valleys  in  the  Chalk  area  are  (rf 
pre-Glacial  date,  and  as  it  is  only  in  certain  places  that  one  of  the 
modem  valleys  diverges  from  the  course  of  the  ancient  valley, 
it  would  seem  tliat  the  Boulder-clay  to  a  large  extent  draped  the 
features  of  the  pre-Glacial  surface,  and  that  the  poet-Glacial  streams 
ran  for  the  most  pait  along  the  depressions  which  marked  the 
course  of  the  ancient  valleys.  Even  in  the  north,  therefore,  we 
have  still  to  look  much  further  back  in  geological  time  for  the 
initiation  of  the  great  system  of  valleys  which  has  since  become 
so  deeply  incised  on  the  higher  parts  of  the  Chalk  Wolds  and 
Uplands. 

To  realise  the  conditions  under  which  these  valleys  were  exca- 
vated out  of  the  Chalk,  we  must  briefly  glance  at  what  is  kno\ra 
with  re8i:)ect  to  the  western  extension  of  the  Eocene  Beds  and 
the  relative  positions  occupied  by  Ci'etaceous  and  Eocene  strata 
when  the  land  rose  from  the  Eocene  submergence. 

In  the  eastern  part  of  England  there  can  be  no  doubt  that  both 
the  Woolwich  and  Heading  Beds  and  the  London  Clay  spread  far 
to  the  westward  and  northward  beyond  their  present  limits,  and 
that  they  covered  all  the  existing  tracts  of  Chalk  in  East  Anglia  ; 
further,  it  is  equally  certain  that  the  Chalk  extended  far  beyond 
its  present  escarpment,  and  was  continued  beneath  the  Eocenes 
over  a  large  part  of  central  England.  But  judging  from  the 
rapid  thinning  out  of  the  Lower  Eocenes  in  Wiltshire,  where  at 
Chisbury  near  Marlborough  theBagshot  Sand  comes  to  within  25 
or  30  feet  of  the  Chalk  ;*  and  from  the  complete  overlap  of  the 
London  Clay  by  the  Bagshot  Beds  in  Dorset,  we  may  infer  that  over 
the  western  part  of  England  these  gravels  and  sands  came  to 
rest  directly  on  the  Chalk.  There  is,  moreover,  evidence  that 
they  even  passed  completely  across  the  Chalk,  so  as  to  be  on  the 
surface  of  the  Upper  Greensand ;  at  any  rate,  this  was  the  case 
in  some  places. 

It  is  evident,  therefore,  that  when  the  western  country  came 
under  the  influence  of  subaerial  agencies  during  Oligocene  and 
Miocene  times,  river  courses  must  have  been  established  on  the 
surface  of  the  widespread  Bagshot  Sands,  and  I  think  the  valley 
system  then    formed  must    be    regarded    as  the  parent   of  the 

*  See  W.  Whitaker  in  Mem.  Geol.  Survey,  Vol.  iv.  p.  177  (1872). 

t  See  C  Reid  *'  On  the  Eocene  Deposits  of  Dorset,"  Quart.  Journ.  Geol. 
Soc.,  Vol.  lii.  p.  490  (1896),  and  Geology  of  Dorchester,  p.  28,  Mem. 
Geol.  Survey,  (1899). 
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existing  system,  although,  of  course,  it  has  been  largely  modilied 
during  the  lapse  of^the  intervening  time. 

During  the  Miocene  epoch,  when  the  land  probably  attained  a 
high  elevation,  we  may  suppose  that  the  valleys  which  had  been 
commenced  on  the  surface  of  the  Bagshot  Sands  became  more 
deeply  incised,  and  that,  as  these  sands  were  gradually  worn 
away  and  removed  from  the  higher  parts  of  the  land,  the  drainage 
system  would  be  impressed  upon  and  transferred  to  the  underlying 
strata,  whatever  they  might  be,  whether  Selbornian,  Chalk,  or 
London  Clay. 

Let  us  consider  a  single  area  as  an  example,  and  let  us  take  that 
which  now  presents  the  largest  expanse  of  bare  Chalk  in  the 
country— the  uplands  of  Hampshii-e  and  Wilts.  We  may  safely 
assume  that  there  was  a  period  in  the  history  of  this  tract  when 
the  Bagshot  Beds  were  reduced  to  outliers,  and  when  the  greater 
part  of  its  surface  was  formed  of  London  Clay  (underlain  by 
Reading  Beds),  and  when  the  Chalk  was  only  exposed  in  places 
along  the  lines  of  what  are  still  the  principal  river-valleys,  those 
of  the  Itchen,  the  Test,  the  Bourn,  and  the  Avon. 

In  early  Pliocene  time  there  was  a  decided  subsidence^of  eastern 
England,  and  the  Pliocene  sea  invaded  not  only  Suffolk  and  Essex, 
but  also  the  greater  part  of  Kent  (Lenham  Beds).  This  subsidence 
must  have  impaired  an  easterly  tilt  to  the  Eocenes,  but  it  does 
not  seem  to  have  affected  the  courses  of  the  principal  rivers,  at 
any  rate,  in  Southern  England.  This  subsidence  was  followed 
by  local  upheaval  along  the  anticline  of  the  Wealden  area,  or  more 
correctly,  perhaps,  along  a  part  of  that  anticlinal  complex;  but 
as  this  upheaval  did  not  prevent  the  streams  above  mentioned 
from  continuing  to  hold  their  courses  across  the  Wiltshire  and 
•Hampshire  uplands,  either  the  general  uplift  must  have  been  so 
gradual  that  they  were  able  to  keep  their  channels  open,  or,  what 
is  more  likely,  the  flexure  only  added  to  the  height  of  that  tract, 
which  was  already  the  watershed,  namely,  the  noi*thern  line  of 
anticlinals  from  the  Vale  of  Pewsey,  by  Shal  bourn  and  Kingsclere 
to  the  Hogsback. 

My  view  regarding  the  valley  systems  of  the  Hampshire  Downs 
and  of  Salisbury  Plain  is,  then,  that  they  were  originally  impressed 
upon  the  Chalk  by  having  been  cut -through  a  cover  of  Eocene 
clays,  that  they  are  in  fact  systems  of  drainage  which  have  been 
transferred  from  one  formation  to  another.  Just  as  in  Lincoln- 
shire the  post-Glacial  valley  erosion  was  continued  as  long  as  a 
sufficient  cover  of  Boulder  clay  remained,  so  in  the  southern  area 
the  streams  running  over  and  off  the  Eocene  clays  would  continue 
to  extend  and  deepen  the  valleys  as  long  as  any  considerable 
amount  of  such  clays  remained  on  the  intervening  ridges 
and  plateaus. 

Here,  too,  it  should  be  mentioned  that  in  the  opinion  of  Mr.  C. 
Reid  and  myself,  the  material  of  the  "  clay-with.flints,"  which  is 
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found  as  a  capping  on  so  many  of  the  higher  chalk  ridges^  has 
been  derived  to  a  far  larger  extent  from  the  Eocene  clays  than 
from  the  minute  quantity  of  insoluble  matter  existing  in  the 
Chalk.  If  this  is  the  case,  then  the  quantity  of  "  clay  with  flints  " 
has  not  increased  pari  passu  with  the  general  detrition  of  the 
Chalk,  but  has  been  gradually  reduced  to  the  condition  of  outliei-H 
from  a  state  of  much  wider  extension. 

Thus,  as  the  Eocenes  were  being  gradually  removed  from  the 
central  Chalk  area  by  the  action  of  rain  and  rivers,  we  imc^ine 
that  their  residual  material  (now  incorporated  in  the  day  with 
flints)  would  remain  in  great  force  on  the  plateaux,  and  would 
still  serve  as  a  clay-capping  from  which  rain  would  be  shed.  Thus 
it  seems  to  me  that  the  existent  waterless  condition  of  the  Chalk 
uplands  was  only  brought  about  by  the  slow  and  gradual  removal  of 
the  clay-with-flints  and  did  not  supei'vene  till  the  area  of  uncovered 
chalk  was  much  larger  than  the  area  still  covered  by  that  clay. 

Among  the  final  stages  of  erosion  the  frozen  condition  of  the 
ground  dming  a  part  of  the  Glacial  Period,  and  the  consequent 
frequency  of  floods,  as  described  by  Mr.  Beid,  was  no  doubt  largely 
contributive  to  the  deep  excavation  of  the  terminal  valleys  in  the 
Chalk  districts.  We  must  remember,  too,  that  the  minor  move- 
ments of  elevation  and  depression  would  each  accelerate  or  retard 
erosion,  elevation  accelerating  and  depression  retarding  it,  and 
would  thus  affect  the  process  of  valley  making. 

If,  as  seems  probable,  the  "  Coombe  Bock  '*  of  Sussex  and  the 
"  Head  "  of  Cornish  coasts  were  formed  in  a  period  which  followed 
the  time  of  depression  in  which  the  materials  of  the  raised  beaches 
were  deposited,  then  the  movement  of  upheaval  must  be  accredited 
with  its  share  in  assisting  the  final  process  of  valley  erosion  ;  while 
the  succeeding  movement  of  subsidence  (alluvial  levels)  will  account 
for  the  stoppage  of  active  erosion,  and  the  initiation  of  the  present 
stationary  state  of  things. 
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CnAPTER  XXVII. 
WATER  SUPPLY  FROM   THE   CJIALK. 

1.   Springs. 

The  phenomena  of  springs  involve  the  consideration  of  many 
local  conditions,  and  are  not  always  of  a  simple  nature ;  but  when 
the  Chalk  is  regarded  as  a  source  of  water  supply  it  is  desirable 
in  the  first  place  to  study  the  springs  which  issue  from  it  and  their 
relations  to  the  local  water  levels.  It  will  be  found  that  in  some 
localities  the  Chalk  behaves  as  if  it  were  composed  of  one  uniformly 
permeable  kind  of  material,  while  in  other  places  the  springs 
break  out  at  certain  geological  horizons  where  layers  or  beds  o" 
less  permeable  material  appear  to  be  the  local  causes  of  outflow. 

The  location  of  springs  within  the  area  of  the  Chalk  may,  I 
think,  be  referred  to  one  or  other  of  the  following  causes  :— 

'  1.  Simple  overflow  of  underground  water  at  points  where 
the  level  of  the  ground  falls  below  the  internal  level 
of  saturation. 

2.  Outflow  caused  by  the  outcrop  of  a  less  permeable  stratum. 

3.  Outflow  at  a  higher  tevel  in  consequence  of  the  displace- 

ment of  the  beds  by  a  fault. 

Tlie  first  case  is  illustrated  by  Fig.  148,  which  will  also  serve 
to  explain  what  is  meant  by  the  term  internal  level  of  saturation. 
The  figure  may  be  regarded  as  a  section  through  some  part  of  the 
Chalk  escarpment,  which  generally  presents  the  aspect  of  a  water- 
shed ridge  with  a  steep  slope  on  the  outer  side  (towards  which  the 
beds  rise),  and  more  gentle  slopes,  chaniietled  by  deep  valleys,  on 
the  other  or  inner  side.  The  water  falling  on  the  ridge  and  on  its 
slopes  is  disposed  of  in  three  ways,  a  small  part  runs  off  the  siuface, 
a  large  part  is  evaporated  or  absorbed  by  plants,  and  a  smaller  part 
sinks  into  the  ground  and  percolates  through  the  chalk. 

Recent  experiments  have  shown  that  the  amoimt  of  rain 
which  runs  off  a  bare  chalk  surface  is  so  small  as  to  be  negUgible, 
but  there  is  some  difference  of  opinion  as  to  the  proportional 
amounts  that  are  retained  and  evaporated.  They  vary  much  in 
different  years ;  thus  Mr.  J.  Hopkinson  foimd  that  out  of  a  rainfall 
of  26  inche)  the  amount  evaporated  was  on  the  average  74  per 
cent.,  the  remainder  (26  percent.)  being  absorbed,  but  that  some- 
times the  proportion  was  as  63  to  37.  Other  observers  beUeve 
that  from  40  to  46  per  cent,  of  the  rainfall  generally  percolates 
downward  from  surfaces  of  bare  chalk. 
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The  water  which  sinks  into  the  ground  percolates  downward 
through  the  chalk  till  it  is  arrested  by  some  bed  which  is  nearly 
impervious ;  in  the  diagram  it  is  supposed  to  have  sunk  till  it 
reached  the  marly  chalk  near  the  base  of  the  formation.  Being 
thus  prevented  from  sinking  lower  it  accumulates  in  the  lower 
parts  of  the  chalk,  which  thus  become  saturated  with  water  up  to 
a  certain  Umit  or  level,  and  this  hmit  is  called  the  level  or  plane  of 
saturation  (I,  I,  in  Fig.  148). 

The  water  thus  imprisoned,  naturally  tends  to  escape  at  points 
where  the  level  of  the  ground  falls  below  the  level  of  saturation. 
Hence  there  are  generally  springs  along  a  certain  level  (Spring  1)  on 
the  front  of  the  escarpment  and  others  at  a  rather  lower  level 
(Spring  2)  in  the  valleyB  which  trench  the  other  slope.  The  level 
of  saturation  is  not  represented  by  a  straight  line  between  these 
two  points,  because  the  water  passing  downwards  and  outward 
through  the  mass  of  the  chalk  cannot  flow  freely  as  it  would  on 
the  surface,  but  is  retarded  by  friction  and  capillary  attraction 
Thus  the  water  is  held  up  as  it  were  beneath  those  tracts  where 
the  siirface  of  the  ground  is  highest,  and  where  the  distance  it  has 
to  pass  through  is  greatest.  Consequently,  the  level  of  saturation 
rises  under  the  escarpment  ridge  and  falls  towards  the  spring 
heads ;  in  a  minor  degree  it  rises  under  every  ridge  or  hill  so 
that  regarded  over  a  large  area  the  level  of  saturation  is  an 
undulating  plain. 

Let  us  next  consider  the  cases  in  which  springs  appear  to  be 
thrown  out  by  definite  beds  in  the  chalk.  There  are  four  such 
horizons  which  serve  as  special  water-carriers,  each  of  them  being 
underlain  by  a  tough  marl  of  greater  or  less  thickness.  Those 
beds  do  not  all  occur  in  one  district,  but,  taken  in  descending  order, 
are:— 

1.  The  Melbom'n  Rock. 

2.  The  Totternhoe  Stone. 

3.  The  Marl-rock  of  Oxfordshire  and  Sucks. 

4.  The  marl-band  (No.  5  of  Price)  near  Folkestone. 

Some  of  the  locaUties  where  springs  issue  from  these  beds  will 
be  mentioned  hereafter,  but  it  concerns  us  first  to  ask  under  what 
circumstances  they  act  as  water-carriers,  and  why  some  of  them 
do  not  always  intercept  the  water  percolating  downward  through 
the  chalk. 

I  think  the  main  condition  of  their  so  acting  is  that  the  outcrop 
of  the  bed  shaU  not  be  far  above  the  usual  local  level  of  saturation. 
Where  this  is  the  case  the  underlying  marl  never  gets  very  dry 
and  forms  a  continuous  impervious  stratimi  through  which  Uttle 
water  can  make  its  way.  But  where  the  outcrop  of  the  rock  bed 
rises  to  a  high  relative  level,  both  it  and  the  underljdng  marl  become 
desiccated  in  dry  weather  every  year,  they  have  consequently  con- 
tracted and  have  become  figured,  for  such  fisBures  once  formed 


428 


THE  aRETAOBOUS  fiOCKS  Of  BBITAIN. 


would  never  be  closed  again,  but  would  rather  tend  to  become 
widened  in  the  course  of  time.  This  is  certunly  the  case  with  the 
marl  beds  beneath  the  Melbourn  Rock,  which  are  often  broken 
by  fissures  at  and  near  their  outcrop.  In  such  circumstances  the 
water  sinking  through  the  chalk  and  reaching  the  Belemnite 
marls  is  only  held  up  for  a  certain  distance,  running  over  the  marj 
till  it  finds  a  fissm*e,  through  which  it  passes  and  makes  its  way 
to  a  lower  level. 

As  Mr.  Whitaker  has  pointed  out  to  me  this  view  will  explain 
the  fact  that  the  Melbourn  Bock  thi'ows  out  a  strong  spring  at 
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Fig.  75.— Map  showing  springs  from  two  horizons  (Totternhoe  Stone 
and  Melbourn  Rock),  near  Baldock,    (Sh.  46.  N,E,) 

Holywell,  near  Eastbourne,  where  it  is  only  a  few  feet  above  high 
water  mark,  while  a  few  miles  inland  the  same  bed,  at  a  high  level, 
is  quite  dry. 

In  some  districts  where  the  dip  is  slight,  and  where  the  out- 
crops of  the  Melbourn  Rock  and  Totternhoe  Stone  form  subsidiary 
escarpments,  springs  are  thrown  out  from  both  horizons,  as  in  the 
country  near  Hitchin  and  Baldock.  In  this  case  the  springs  from 
the  Melbourn  Hock  are  fed  partly  by  water  flowing  outward  and 
westward  from  the  main  escarpment  of  the  chalk,  and  partly  by 
water  flowing  eastward  along  the  plane  of  the  rock  from  the  more 
western  ridges  and  outcrops  ;  whfle  the  springs  from  the  Tottern- 
hoe Stone  must  be  fed  almost  entirely  from  the  water  falling  on 
the  tract  lying  between  its  outcrop  and  that  of  the  Melbourn  Bock. 
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There  remains  to  be  considered  a  third  cause  for  the  location 
of  springs,  that  of  displacement  of  the  strata  by  a  fault.  Though 
not  frequent,  casei?  do  occur  where  an  iniper\nous  bed  is  brought 

Plateau.  Valley.  Hill. 


Fig.  76.— Diagram  to  explain  how  a  Fault  may  give  rise  to  a  Spring. 

a,  a,  impervious  part  of  chalk.  l,  I,  saturation  level. 

b,  b,  pervious  part  of  chalk.  /, «,  fault. 

up  on  one  side  of  a  fault,  with  the  result  that  it  raises  the  level  of 
saturation  and  gives  rise  to  a  spring  or  springs  where  otherwise 
none  would  occur. 

The  possibility  of  this  is  shown  by  the  diagram  Fig.  76,  where 
the  beds  a  a  are  supposed  to  be  impervious,  and  b  b  are  pervious, 
both  being  broken  by  the  fault  /  8.  If  there  had  been  no  such 
fault,  and  the  beds  had  continued  in  the  direction  of  the  dip  from 
a  to  /,  the  level  of  saturation  wo\ild  have  passed  below  the  bottom 
of  the  valley  (v),  but  the  upthrow  of  the  beds  on  the  other  side  of 
the  fault  /  8  brings  the  impervious  beds  so  near  to  the  surface  of 
the  ground  in  this  valley  that  the  ordinary  saturation  level  is 
raised  to  the  position  indicated  by  line  I  si,  and  the  result  is  the 
issue  of  water  in  a  spring  at  some  point  near  s.  The  effect  of 
the  fault  is  in  fact  to  imprison  a  certain  amount  of  water  pei^ 
manently  in  the  angle  ot  a  f  s,  so  that  the  satiu*ation  level  is 
raised  to  the  same  position  that  it  would  occupy  if  the  siu'face  of 
the  impervious  bed  were  raised  to  the  level  of  the  broken  line. 

With  respect  to  the  conditions  which  determine  the  actual 
points  of  issue  of  springs  along  the  front  of  an  escarpment  they  are 

probably  of  several  kinds  ;  sometimes  they  are  slight  undulations 

in  the  strata  along  the  line  of  strike,  and  the  springs  issue  in  the 

troughs  of  these  undulations,  as  for  instance  at  Cherry  Hinton 

near  Cambridge;    in    other   oases   the    point  of  issue  may  be 

determined    by  a   fissure,   the   opening  of   the  fissure  at  the 

surface  offering  a  path  of  least  resistance. 

Springs   issuing   from  the  Chalk   may  be   grouped  in  three 
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classes  according  to  their  position  with  regard  to  the  principal 
physical  features  of  the  country. 

1.  Springs  outside  the  Chalk-escarpment. 

2.  Springs  inside,  but  not  far  from,  the  Chalk  escarpment. 

3.  Springs  rising  near  the  Eocene  boundary. 

The  general  conditions  which  cause  the  outflow  of  water  in  these 
different  positions  mav  be  brieflv  described. 

1.  Springs  outside  the  Chulk-escaryment . 

m 

By  the  word  outside,  in  this  connection,  is  meant  that  side 
which  slopes  towards  the  base  of  the  formation,  as  contrasted  with 
the  inner  side  or  that  which  slopes  toward  the  newer  beds  occupying 
the  interior  of  the  Chalk  basins.  In  this  sense  the  springs  which 
issue  from  the  bases  of  the  North  and  South  Downs  are  outside 
springs,  and  their  water  flows  outward  into  formations  which  are 
older  than  the  chalk,  although  in  many  cases  it  ultimately  passes 
into  rivers  which  carry  it  back  through  the  Chalk-escarpments. 

The  springs  which  issue  from  the  chalk  along  the  foot  of  the 
Chiltern  Hills,  and  along  other  parts  of  the  main  escarpment  of  the 
chalk,  come  of  course  under  the  same  category,  and  there  is  no  need 
to  give  any  special  description  of  them.  They  are  as  a  rule  perennial 
springs,  though  in  specially  dry  seasons  the  volume  of  the  issuing 
water  becomes  small  and  some  of  them  occasionally  go  dry.  The 
seasonal  variations  in  their  flow  are  a  matter  for  local  study. 

Where  the  tract  below  the  escarpment  is  narrow  there  is 
seldom  more  than  one  set  of  springs,  but  where  the  space  between 
the  boundary  of  the  Lower  Chalk  and  the  top  of  the  escarpment 
becomes  wider,  as  in  Cambridgeshire,  Suffolk,  and  Norfolk,  more 
water  is  thrown  out  and  springs  issue  from  two  or  more 
different  horizons. 

2.  Springs  inside  the  Chalk  Escarpment. 

The  springs  which  issue  on  the  inner  side  of  a  Chalk-escarpment 
are  such  as  would  occur  in  the  position  S^  in  Fig.  76,  and  at  other 
points  still  Jower  down  the  slope  of  valleys  that  run  toward  the 
interior  of  the  Chalk  basins. 

Such  springs  are  seldom  perennial,  and  the  position  or  point  of 
outflow  is  liable  to  great  variation  according  to  the  season  of  the 
year  and  according  to  the  dryness  or  wetness  of  the  season. 

Hitherto  we  have  spoken  of  the  level  of  saturation  as  if  it  was 
always  maintained  at  the  same  or  nearly  the  same  level,  but  this 
is  by  no  means  the  case.  There  is  a  normal  summer  level  and  a 
normal  winter  level,  and  these  again  are  only  maintained  if  the 
rainfall  of  the  preceding  six  months  has  been  about  the  usual  or 
average  amount.  If  there  has  been  a  deficiency  of  rain  the  springs 
which  are  nearest  to  the  escarpment  dry  up,  because  the  plane  of 
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saturation  sinks  below  the  level  at  which  they  occur.  On  the  other 
hand,  if  there  has  been  an  excess  of  rainfall,  springs  often  break 
out  still  higher  up  the  valleys  beyond  the  position  of  what  is  usually 
the  highest  spring. 

Springs  which  only  flow  at  certain  times  of  the  year,  or  only 
after  a  prolonged  spell  of  rainy  weather,  form  temjDorary  streams, 
which  are  known  as  bournes,  naUbournes,  winterbourneSy  woe- 
bournes,  levants,  and  gypsies  in  different  parts  of  the  country. 
Some  of  them  break  out  every  year  at  the  same  spot,  and  the 
phenomenon  is  known  to  the  countryside  as  the  breaking-out  of 
the  bourne :  these  may  be  called  regular  bournes,  and  are  generally 
winterbowmes.  Others  onl}-  come  into  existence  after  a  season  of 
great  and  prolonged  rainfall,  and  these  may  be  termed  "  occasional " 
bournes.  In  some  localities  they  are  regarded  with  superstitious 
terror,  and  have  been  called  woo  or  tooe-  bournes  under  the  idea 
that  they  only  appeared  when  some  disaster  was  about  to  happen.* 

Sometimes  there  are  a  series  of  spots  along  a  valley  from  which 
water  issues  after  long-continued  rains,  the  water  rising  first  from 
one  outlet  and  then  from  another  higher  up,  as  the  underground 
water-level  is  raised,  until  a  long  stretch  of  what  is  usually  a  dry 
valley  is  occupied  by  a  stream  of  clear  running  water. 

Such  bournes  and  "  bourn-holes  "  occur  in  most  of  the  counties 
which  border  the  London  and  Hampshire  basins.  They  are 
especially  numerous  in  Kent,  Surrey,  Sussex,  Hants,  Dorset,  North 
Wiltshire,  Berkshire,  and  Hertfordshire. 

As  a  good  example  of  such  bournes,  that  between  Caterham  and 
Croydon,  in  Sun'ey,  may  be  taken,  and  of  this  a  good  account  has 
been  given  by  Mr.  H.  H.  French.f  It  issues  in  the  usually  dry 
valley  called  Stoneham  Lane,  between  Caterham  and  Coulsdon, 
and  flows  down  Smitham  Bottom  to  Croydon.  It  is  not  a  regular 
winterbourne,  but  an  "  occasional  bourne,"  and  its  breaking-out 
does  not  seem  to  depend  on  the  general  rainfall,  but  on  the  occur- 
rence of  excessive  rains  in  the  months  of  October,  November,  and 
December. 

Mr.  French  states  that  the  running  of  the  bourne  has  nearly 
always  occurred  in  those  years  when  the  rainfall  in  the  last  quarter 
of  the  year  has  exceeded  10  inches ;  that  it  generally  starts  in 
November  or  December,  and  continues  into  the  early  months  of 
the  following  year,  as  in  the  years  1865,  1872,  1876,  1880,  and 
1882.  In  1860,  however,  there  was  an  outbreak  of  the  bourne, 
although  the  rainfall  in  the  last  quarter  only  amounted  to  6.58 
inches ;  but  in  this  year  the  summer  months  were  the  wettest, 
over  9  inches  of  rain  falling  both  in  the  second  and  third  quarters. 

*  Mr.  Blackmore*s  Story  of  "Alice  Lorraine"  contains  a  graphic  account 
of  the  breaking  out  of  a  woe-bourn.  See  also  Camden's  Britannia,  and 
Aubrey's  Natural  History  and  Antiquities  of  Surrey. 

t  In  a  paper  **  On  Bournes,"  Scientific  Society  of  Sutton,  Surrey,  1883. 
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As  Mr.  French  remarks,  "  the  reason  why  a  large  amount  of 
rain  fallmg  in  the  winter  is  more  effective  than  an  equal  quantity 
of  rain  falling  in  the  simimer  months,  followed  by  a  small  or  only 
moderate  winter  rain,  is  that  almost  all  the  sim[mier  rain  is  absorbed 
by  vegetation,  or  is  evaporated,  so  that  scarcely  any  finds  its  way 
downwards  to  the  subterranean  reservoir.  Whereas  in  wintca* 
things  are  reversed  :  scarcely  any  is  absorbed  by  vegetation,  but 
little  is  evaporated,  and  the  rest  percolates  through  the  soil,  and 
adds  to  the  amount  already  stored  below." 

He  refers  to  the  experiments  made  by  Mr.  Ch.  Greaves  between 
the  years  1852  and  1882  on  the  proportion  of  percolation  to  rain- 
fall, and  finds  that  the  rising  of  the  bourne  really  coincides  with 
those  years  in  which  Mr.  Greaves  found  the  amount  absorbed  by 
percolation  to  be  unusually  great  in  the  second  half  of  the  year.* 
The  observations  conducted  at  Lea  Bridge  showed  the  total  annual 
amount  of  percolation  to  vary  from  4  to  12^  inches,  the  amount 
in  the  latter  half  of  the  year  varying  from  less  than  an  inch  to  over 
6  inches.  Thus  in  1860  the  amount  of  water  making  its  way 
downwards  between  June  and  December  (inclusive)  was  5' 199 
inches,  in  1865  it  was  5*699  inches,  and  in  1872  it  was  6'10(K 
This  conclusion  is  confirmed  by  a  comparison  with  the  year  1866, 
which  was  actually  wetter  than  1865,  but  most  of  the  rain  fell  in 
the  first  half  of  the  year,  and  the  amount  percolating  through  in 
the  latter  half  was  only  3*587  inches,  and  consequently  there  was 
no  bourne  in  that  year. 

The  account  of  the  Caterham  Valley  bourne,  above  given,  may 
be  taken  as  ill  strative  of  the  phenomena  of  occasional  bournes, 
but,  as  already  stated,  there  are  many  bournes  which  break  out 
every  winter,  and  it  is  only  in  exceptionally  dry  seasons  that  they 
do  not  run. 

The  reason  of  the  difference  between  the  phenomena  of  occasional 
bournes  and  of  winterbourneg  consists  in  the  relative  height  of 
the  valley-floors  above  the  normal  winter  level  of  saturation.  A 
section  drawn  by  Mr.  J.  Lucas  along  the  course  of  the  Caterl  am 
bournef  shows  that  the  points  where  the  bourne  breaks  out  are 
all  well  above  the  ordinary  winter  level  of  saturation,  and  that  it 
is  only  when  this  is  raised  to  an  unusually  high  level  that  the 
bourne  holes  are  brought  below  its  plane.  A  winterbourne  occurs 
where  the  valley-floor  is  nearer  to  the  permanent  level  of  saturation, 
so  that  the  ordinary  rainfall  of  autumn  and  winter  is  sufl&cient  to 
raise  the  level  of  saturation  above  that  of  a  certain  part  of  the 
valley-floor. 

Another  good  exauiple  of  a  winterbourne  is  that  of  the 
Hertfordshire  Bourne,  which  has  been  described  by  Mr.  John 
Hopkinson.J    This  bourne  usually  commences  to  flow  between 

*  See  Proc.  Inst.  Civ.  Eng.,  Vol.  xlv.  p.  22. 

\  Sec  Proc.  Inst.  CivU  Eng.,  Vol.  xlvii. 

%  Se3  Trans.  Hortf.  Nat  Hist.  See.,  voL  x.  p.  09, 
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January  and  April,  and  sometimes  runs  till  the  middle  of  June. 
It  rises  at  various  points  in  the  valley  between  Bourne  End 
and  Harratt's  Lane  End,  but  seldom  higher  up  than  the 
latter  place. 

It  has  never  flowed  when  less  than  30  inches  of  rain  has 
fallen  in  the  year,  and  has  only  failed  to  flow  twice  within  record 
when  more  than  30  inches  has  fallen.  Its  flow,  however,  really 
depends  on  the  distribution  of  the  rainfall  during  the  year,  and 
Mr.  Hopkinson  gives  a  table  which  shows  that  wnen  the  bourne 
has  flowed  there  has  always  been  a  heavy  rainfall  dinring  the 
nine  months  from  July  of  the  preceding  year  to  Marcn .  of 
the  year  of  flow.  At  such  periods  there  has  always  been  a  nine 
months*  fall  of  from  246  to  32*9  inches,  the  average  annual  rain- 
fall of  the  district  being  about  28  inches.  Hence,  we  may  say  that 
the  bourne  flows  on  those  occasions  when  the  rainfall  of  these 
nine  months  approaches  or  exceeds  the  average  for  the  whole 
year. 

In  Sussex  a  winterbourne  rises  in  the  valley  east  of  Ashcombe,  and 
flows  through  the  Vale  of  Southover  into  the  River  Ouse  at  Lewes. 
The  valley  of  its  source  is  quite  dry  during  summer  and  autimm, 
the  bourne  rising  generally  at  the  end  of  the  year,  and  flowing 
thiough  December,  January,  and  February,  and  often  lasting  into 
March. 

Two  other  good  instances  of  winterbournes  occur  in  Dorset. 
One  of  these  is  in  a  valley  south-west  of  Blandford,  and  all  the 
villages  in  it  take  their  name  from  the  stream.  They  are  Winter- 
bourne  Stickland,  W.  Clenston,  W.  Whitchurch,  W.  Kingston,  W. 
Tomson,  and  W.  Zelstone.  The  other  valley  is  near  Dorchester, 
the  bourne  rising  at  Winterbourne  Abbas,  and  jmssing  by  four 
other  villages  with  the  same  prefix.  Hutchins,  the  historian  of 
Doraet,*  says  that  "  the  spring  (of  Winterbourne  Abbas)  is  by  the 
country  people  called  the  Wherry,  and  is  said  to  burst  with  great 
noise  generally  about  November,  sooner  or  later  as  the  season  is 
more  or  less  rainy,  for  ih  dry  seasons  it  has  been  known  not  to 
break  out  for  three  or  four  years  together.  .  .  .  It  is  generally 
dried  up  soon  after  midsimimer,  except  the  season  be  wet." 

3.  Springs  at  the  junction  of  Chalk  and  Tertiaries, 

The  issue  of  water  from  points  on  the  line  of  junction  beween 
the  Chalk  and  the  Eocenes  depends  primarily  upon  the  angle  at 
which  the  strata  are  inclined,  and  upon  the  physical  features 
which  are  governed  by,  and  vary  in  accordance  with,  the  dip  of 
the  beds.  Mr.  Whitaker  has  given  a  clear  explanation  of  the 
manner  in  which  such  springs  arise,t  accompanied  by  figures, 
which  are  reproduced  in  our  Figs.  77  and  78.  He  points  out 
that  where  the  dip  of  the  beds  is  high,  the  incoming  of  the  Eocene 

♦   "  History  of  Dorset,"  Third  Edition,  Vol.  ii.  p.  196  (1863). 
t  In  Appendix  No.  C.  49  to  Report  of  Royal  Commission  on  Metropolitan 
Water  Supply,  1893,  p.  433,      See  alsp  Qeol.  Mag.,  Dec.  4,  Vol.  ii.  p.  360. 
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classes  according  to  their  position  with  regard  to  the  principal 
physical  features  of  the  country. 

1.  Springs  outside  the  Chalk-escarpment. 

2.  Springs  inside,  but  not  far  from,  the  Chalk  escarpment. 

3.  Springs  rising  near  the  Eocene  boundary. 

The  general  conditions  which  cause  the  outflow  of  water  in  these 
different  positions  may  be  briefly  described. 

1.  Springs  outside  the  Chalk-escarpment, 

m 

By  the  word  outside,  in  this  connection,  is  meant  that  side 
which  slopes  towards  the  base  of  the  formation,  as  contrasted  with 
the  inner  side  or  that  which  slopes  toward  the  newer  beds  occupying 
the  interior  of  the  Chalk  basins.  In  this  sense  the  springs  which 
issue  from  the  bases  of  the  North  and  South  Downs  are  outside 
springs,  and  their  water  flows  outward  into  formations  which  are 
older  than  the  chalk,  although  in  many  cases  it  ultimately  passes 
into  rivers  which  carry  it  back  through  the  Chalk-escarpments. 

The  springs  which  issue  from  the  chalk  along  the  foot  of  the 
Chiltern  Hills,  and  along  other  parts  of  the  main  escarpment  of  the 
chalk,  come  of  course  under  the  same  category,  and  there  is  no  need 
to  give  any  special  description  of  them.  They  are  as  a  rule  perennial 
spiings,  though  in  specially  dry  seasons  the  volume  of  the  issuing 
water  becomes  small  and  some  of  them  occasionally  go  dry.  The 
seasonal  variations  in  their  flow  are  a  matter  for  local  study. 

Where  the  tract  below  the  escarpment  is  narrow  there  is 
seldom  more  than  one  set  of  springs,  but  where  the  space  between 
the  boundary  of  the  Lower  Chalk  and  the  top  of  the  escarpment 
becomes  wider,  as  in  Cambridgeshire,  Suffolk,  and  Norfolk,  more 
water  is  thrown  out  and  springs  issue  from  two  or  more 
different  horizons. 

2.  Springs  inside  the  Chalk  Escarpment. 

The  springs  which  issue  on  the  inner  side  of  a  Chalk-escarpment 
are  such  as  would  occur  in  the  position  S^  in  Fig.  76,  and  at  other 
points  still  Jower  down  the  slope  of  valleys  that  run  toward  the 
interior  of  the  Chalk  basins. 

Such  springs  are  seldom  perennial,  and  the  position  or  point  of 
outflow  is  liable  to  great  variation  according  to  the  season  of  the 
year  and  according  to  the  dryness  or  wetness  of  the  season. 

Hitherto  we  have  spoken  of  the  level  of  saturation  as  if  it  was 
always  maintained  at  the  same  or  nearly  the  same  level,  but  this 
is  by  no  means  the  case.  There  is  a  normal  summer  level  and  a 
normal  winter  level,  and  these  again  are  only  maintained  if  the 
rainfall  of  the  preceding  six  months  has  been  about  the  usual  or 
average  amount.  If  there  has  been  a  deficiency  of  rain  the  springs 
which  are  nearest  to  the  escarpment  dry  up,  because  the  plane  of 
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saturation  sinks  below  the  level  at  which  they  occur.  On  the  other 
hand,  if  there  has  been  an  excess  of  rainfall,  springs  often  break 
out  still  higher  up  the  valleys  beyond  the  position  of  what  is  usually 
the  highest  spring. 

Springs  which  only  flow  at  certain  times  of  the  year,  or  only 
after  a  prolonged  spell  of  rainy  weather,  form  temporary  streams, 
which  are  known  as  bournes,  naUbourneSy  vnnterbournes,  woe- 
bournes,  levants,  and  gypsies  in  different  parts  of  the  country. 
Some  of  them  break  out  every  year  at  the  same  spot,  and  the 
phenomenon  is  known  to  the  countryside  as  the  breaking-out  of 
the  bourne :  these  may  be  called  regular  bournes,  and  are  generally 
uointerbournes.  Others  only  come  into  existence  after  a  season  of 
great  and  prolonged  rainfall,  and  these  may  be  termed  "  occasional  *' 
bournes.  In  some  localities  they  are  regarded  with  superstitious 
terror,  and  have  been  called  vx)o  or  tooe-  bournes  under  the  idea 
that  they  only  appeared  when  some  disaster  was  about  to  happen.* 

Sometimes  there  are  a  series  of  spots  along  a  valley  from  which 
water  issues  after  longH5ontinued  rains,  the  water  rismg  first  fi-om 
one  outlet  and  then  from  another  higher  up,  as  the  underground 
water-level  is  raised,  until  a  long  stretch  of  what  is  usually  a  dry 
valley  is  occupied  by  a  stream  of  clear  ninning  water. 

Such  bournes  and  "  bourn-holes  *'  occur  in  most  of  the  counties 
which  border  the  London  and  Hampshire  basins.  They  are 
especially  numerous  in  Kent,  Surrey,  Sussex,  Hants,  Dorset,  North 
Wiltshire,  Berkshire,  and  Hertfordshire. 

As  a  good  example  of  such  bournes,  that  between  Caterham  and 
Croydon,  in  Surrey,  may  be  taken,  and  of  this  a  good  account  has 
been  given  by  Mr.  H.  H.  French.f  It  issues  in  the  usually  dry 
valley  called  Stoneham  Lane,  between  Caterham  and  Coulsdon, 
and  flows  down  Smitham  Bottom  to  Croydon.  It  is  not  a  regular 
winterboume,  but  an  "  occasional  bourne,*'  and  its  breaking-out 
does  not  seem  to  depend  on  the  general  rainfall,  but  on  the  occur- 
rence of  excessive  rains  in  the  months  of  October,  November,  and 
December. 

Mr.  French  states  that  the  running  of  the  bourne  has  nearly 
always  occurred  in  those  years  when  the  rainfall  in  the  last  quarter 
of  the  year  has  exceeded  10  inches ;  that  it  generally  starts  in 
November  or  December,  and  continues  into  the  early  months  of 
the  following  year,  as  in  the  years  1865,  1872,  1876,  1880,  and 
1882.  In  1860,  however,  there  was  an  outbreak  of  the  bourne, 
although  the  rainfall  in  the  last  quarter  only  amounted  to  6.58 
inches ;  but  in  this  year  the  summer  months  were  the  wettest, 
over  9  inches  of  rain  falling  both  in  the  second  and  third  quarters. 

*  Mr.  Blackmore*s  Story  of  ** Alice  Lorraine"  contains  a  graphic  accoimt 
of  the  breaking  out  of  a  woe-bourn.  See  also  Camden's  Britannia,  and 
Aubrey's  Natural  History  and  Anticjuities  of  Surrey. 

t  Iq  a  paper  **  Oa  Bournes,'*  Scientific  Society  of  Sutton,  Surrey,  1883. 
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As  Mr.  French  remarks,  ''  the  reason  why  a  large  amount  of 
rain  falling  in  the  winter  is  more  effective  than  an  equal  quantity 
of  rain  falling  in  the  simmier  months,  followed  by  a  small  or  only 
moderate  winter  rain,  is  that  almost  all  the  sim[mier  rain  is  absorbed 
by  vegetation,  or  is  evaporated,  so  that  scarcely  any  finds  its  way 
downwards  to  the  subterranean  reservoir.  Whereas  in  wint^ 
things  are  reversed  :  scarcely  any  is  absorbed  by  vegetation,  but 
little  is  evaporated,  and  the  rest  percolates  through  the  soil,  and 
adds  to  the  amount  already  stored  below." 

He  refers  to  the  experiments  made  by  Mr.  Ch.  Greaves  between 
the  years  1852  and  1882  on  the  proportion  of  percolation  to  rain- 
fall, and  finds  that  the  rising  of  the  bourne  really  coincides  with 
those  years  in  which  Mr.  Greaves  found  the  amount  absorbed  by 
percolation  to  be  unusually  great  in  the  second  half  of  the  year.* 
The  observations  conducted  at  Lea  Bridge  showed  the  total  annual 
amount  of  percolation  to  vary  from  4  to  12 J  inches,  the  amoimt 
in  the  latter  half  of  the  year  varying  from  less  than  an  inch  to  over 
6  inches.  Thus  in  1860  the  amoiuit  of  water  making  its  way 
downwards  between  June  and  December  (inclusive)  was  5"  199 
inches,  in  1865  it  was  5*699  inches,  and  in  1872  it  was  6'100. 
This  conclusion  is  confirmed  by  a  comparison  with  the  year  1866, 
which  was  actually  wetter  than  1865,  but  most  of  the  rain  fell  in 
the  first  half  of  the  year,  and  the  amount  percolating  through  in 
the  latter  half  was  only  3*587  inches,  and  consequently  there  was 
no  bourne  in  that  year. 

The  account  of  the  Caterham  Valley  bourne,  above  given,  may 
be  taken  as  ill  strative  of  the  phenomena  of  occasional  bournes, 
but,  as  already  stated,  there  are  many  bournes  which  break  out 
every  winter,  and  it  is  only  in  exceptionally  dry  seasons  that  they 
do  not  run. 

The  reason  of  the  difference  iDetween  the  phenomena  of  occasional 
bournes  and  of  winter bourneg  consists  in  the  relative  height  of 
the  vallev-floors  above  the  normal  winter  level  of  saturation.  A 
section  drawTi  by  Mr.  J.  Lucas  along  the  course  of  the  Caterlam 
bournef  shows  that  the  points  where  the  bourne  breaks  out  are 
all  well  above  the  ordinary  winter  level  of  saturation,  and  that  it 
is  only  when  this  is  raised  to  an  unusually  high  level  that  the 
bDurne  holes  are  brought  below  its  plane.  A  winterbourne  occurs 
where  the  valley-floor  is  nearer  to  the  permanent  level  of  satm^ation, 
so  that  the  ordinary  rainfall  of  autumn  and  winter  is  suflicient  to 
raise  the  level  of  saturation  above  that  of  a  certain  part  of  the 
valley-floor. 

Another  good  example  of  a  winterbourne  is  that  of  the 
Hertfordshire  Bourne,  which  has  been  described  by  Mr.  John 
Hopkinson.J    This  bourne  usually  commences  to  flow  between 


*  See  Proc.  Inst.  Civ.  Eng.,  Vol.  xlv.  p.  22. 

\  See  Proc.  Inst.  Civil  Eng.,  Vol.  xlvii. 

:;:  Se3  Traus.  Hortf.  Nat.  Hist  See.,  vol.  x.  p.  09, 
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January  and  April,  and  sometimes  runs  till  the  middle  of  June. 
It  rises  at  various  points  in  the  valley  between  Bourne  End 
and  Harratt's  Lane  End,  but  seldom  higher  up  than  the 
latter  place. 

It  has  never  flowed  when  less  than  30  inches  of  rain  has 
fallen  in  the  year,  and  has  only  failed  to  flow  twice  within  record 
when  more  than  30  inches  has  fallen.  Its  flow,  however,  really 
depends  on  the  distribution  of  the  rainfall  during  the  year,  and 
Mr.  Hopkinson  gives  a  table  which  shows  that  wnen  the  bourne 
has  flowed  there  has  always  been  a  heavy  rainfall  during  the 
nine  months  from  July  of  the  preceding  year  to  Marcn .  of 
the  year  of  flow.  At  such  periods  there  has  always  been  a  nine 
months*  fall  of  from  24*6  to  32*9  inches,  the  average  annual  rain- 
fall of  the  district  being  about  28  inches.  Hence,  we  may  say  that 
the  bourne  flows  on  those  occasions  when  the  rainfall  of  these 
nine  months  approaches  or  exceeds  the  average  for  the  whole 
year. 

In  Sussex  a  winterboume  rises  in  the  valley  east  of  Aslicombe,  and 
flows  through  the  Vale  of  Southover  into  the  Eiver  Ouse  at  Lewes. 
The  valley  of  its  source  is  quite  dry  during  summer  and  autimm, 
the  bourne  rising  generally  at  the  end  of  the  year,  and  flowing 
thiough  December,  January,  and  Februai'y,  and  often  lasting  into 
March. 

Two  other  good  instances  of  winterbournes  occur  in  Dorset. 
One  of  these  is  in  a  valley  south-west  of  Blandford,  and  all  the 
villages  in  it  take  their  name  from  the  stream.  They  are  Winter- 
bourne  Stickland,  W.  Clenston,  W.  Whitchurch,  W.  Kingston,  W. 
Tomson,  and  W.  Zelstone.  The  other  valley  is  near  Dorchester, 
the  lx)m'ne  rising  at  Winterbourne  Abbas,  and  i)assing  by  four 
other  villages  with  the  same  prefix.  Hutchins,  the  historian  of 
Dorset,*  says  that  "  the  spring  (of  Winterbourne  Abbas)  is  by  the 
country  people  called  the  Wherry,  and  is  said  to  burst  with  great 
noise  generally  about  November,  sooner  or  later  as  the  season  is 
more  or  less  rainy,  for  ih  dry  seasons  it  has  been  known  not  to 
break  out  for  three  or  four  years  together.  ...  It  is  generally 
dried  up  soon  after  midsummer,  except  the  season  be  wet.'' 

3.  Springs  at  the  juTictian  of  Clwlk  and  Tertiaries. 

The  issue  of  water  from  points  on  the  line  of  junction  beween 
the  Chalk  and  the  Eocenes  depends  primarily  upon  the  angle  at 
which  the  strata,  are  inclined,  and  upon  the  physical  features 
which  are  governed  by,  and  vary  in  accordance  wdth,  the  dip  of 
the  beds.  Mr.  Whitaker  has  given  a  clear  explanation  of  tlie 
manner  in  which  such  springs  arise,t  accompanied  by  figures, 
which  are  reproduced  in  our  Figs.  77  and  78.  He  points  out 
that  where  the  dip  of  the  beds  is  high,  the  incoming  of  the  Eocene 

♦   *'  History  of  Dorset,"  Third  Edition,  Vol.  ii.  p.  196  (1863). 
t  In  Appendix  No.  C.  49  to  Report  of  Royal  Commission  on  Metropolitan 
Wat^r  Supply,  1893,  p.  433,      See  also  Qeol.  Mag.,  Dec.  4,  Vol.  ii.  p.  360. 
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makes  but  a  very  slight  feature  or  lise  iu  the  ground,  and  is 
dommated  by  the  comparatively  steep  dip-slope  of  the  Chalk. 
Moreover,  xmder  these  conditions  the  junction  of  the  two  forma- 
tions is  always  at  a  relatively  low  level,  generally  at  the  lowest 
level,  along  any  transverse  line  of  section.  On  the  other  hand, 
where  the  dip  is  low,  the  Tertiary  beds  generally  form  a  marked 
rise  or  escarpment,  and  the  lower  part  of  this  rise  generallj-  con- 
sists of  chalk,  so  that  the  junction  of  the  two  foimations  does  not 
occur  at  the  lowest  levels  in  the  district. 

Reference  to  Fig.  77  shows  that  in  the  first  case  the  water  which 
is  flowing  and  percolating  through  the  chalk  toward  the  Eocene 
beds  must  tend  to  saturate  the  whole  mass  of  chalk  which  underlies 
those  beds,  and  the  saturation  level  is  consequently  kept  so  high 
that  many  points  along  the  junction  of  the  two  formations  are 
permanently  below  it ;  it  follows,  therefore,  that  water  will  issue 
at  these  points.  This  is  the  origin  of  many  springs  in  Surrev, 
from  Croydon  westward. 


SwaUvwHoI* 


Figs.  77  and  78, 
a = Eocene  Beds.  6= Chalk. 

1.1.  Level  of  Saturation.  2.2.  Sea-level. 

When  the  disposition  of  the  beds  is  similar  to  that  shown  in 
Fig.  78,  the  dip  being  low,  no  such  springs  occiu*,  because  the 
level  of  saturation  is  nearly  always  below  that  of  the  junction 
of  the  Chalk  and  Eocene,  and  it  is  very  rarely  that  the  bottom 
of  a  valley  touches  the  saturation  level.  Such  conditions  are 
favourable  to  the  formation  of  swallow  holes  at  the  boundary 
of  the  two  formations,  i.e.,  of  holes  in  which  water  flowing  on 
the  surface  of  the  Tei*tiary  beds  is  swallowed  up  and  conveyed 
underground  to  the  Chalk  beneath  the  Tertiary  basin. 

Other  clays  besides  those  of  the  Eocenes  may  be  so  placed  with 
regard  to  tracts  of  chalk  that  similar  conditions  are  produced. 
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This  is  the  case  in  East  Luicolnshire  and  in  the  south-east  of 
Yorkshire,  whei-e  Boulder-clays  are  banked  up  against  the  Chalk 
in  such  a  manner  and  to  such  a  depth  that  the  Chalk  beneath 
them  is  saturated  with  the  water  which  flows  underground  from 
the  Wolds,  and  some  of  it  is  thrown  out  in  springs  at  the  junction 
of  the  Chalk  and  Diift.  The  following  is  quoted  from  the  Survey 
memoir  on  East  Lincolnshire  (p.  136) :— "  As  the  depth  of  Boidder- 
clay  at  a  few  hundred  yards  distance  from  the  boundary  line  is  from 
60  to  90  feet  it  is  evident  that  this  impervious  mass  obstructs 
the  flow  of  the  water  which  is  percolating  eastward  through  the 
Chalk  and  forces  much  of  it  to  the  surface.  The  result  is  that 
a  number  of  perennial  springs  affording  an  excellent  and  abun- 
dant supply  of  water  break  out  at  those  points  along  the  line 
where  the  level  of  the  ground  is  lowest,  and  generally  where  one 
of  the  dry  valleys  that  trench  the  Wolds  opens  on  to  the  Boulder- 
clay  plain." 

Water  from  Deep  Wells  and  borings  in  the  Chalk. 

It  has  been  stated  that  the  springs  which  issue  from  the  Chalk 
wherever  they  are  situated  are  only  the  overflow  of  the  water 
which  is  permanently  stored  up  in  the  more  deep-seated  parts 
of  the  formation.  By  far  the  larger  quantity  of  the  water  which 
is  absorbed  by  the  exposed  surfaces  of  chalk  passes  downward 
and  inward  below  the  Tertiary  and  Poet-Tertiary  beds  which 
cover  such  large  areas  of  the  formation. 

These  deep-seated  tracts  of  chalk  form  what  may  be  termed 
undergroimd  reservoirs,  in  which  a  vast  supply  of  good  water  is 
continually  stored  up,  and  these  reservoirs  have  been  tapped  by 
hundreds  of  wells  and  borings,  especially  in  the  neighbourhood 
of  London.  Moreover,  in  consequence  of  the  depth  to  which  the 
Chalk  is  carried  by  the  synclinal  cmr^ature  of  the  London  and 
Hampshire  Basins,  most  of  these  borings  are  artesian  in  the 
sense  that  when  the  water  is  reached  it  rises  to  a  high  level  in 
the  lx)ring  and  sometimes  overflows.  The  subterranean  areas  of 
chalk  are  consequently  very  important  and  very  easily  utilised 
sources  of  water  supply,  and  this  is  the  case  not  only  in  the 
London  and  Hampshire  Basins,  but  also  in  the  more  northern 
areas  of  Norfolk,  Lincolnshire,  and  Yorkshire,  the  two  latter  of 
these  really  forming  the  western  border  of  a  third  Tertiary  Basin, 
the  centre  of  which  has  been  invaded  by  the  sea. 

It  must  not  be  imagined,  however,  that  either  the  upper 
surface  or  the  basal  plane  of  the  Chalk  in  these  basins  maintains 
anything  like  a  regular  continuous  curve,  increasing  gradually 
from  the  margins  ot  the  basin  to  a  trough  of  maximum  depth. 
The  subterranean  stratigraphy  of  the  Chalk  is  at  present  very 
imperfectly  known,  but  the  available  information  is  suflBcient  to 
malce  it  certain  that  no  such  regularity  prevails  in  the  Hampshire 
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or  the  London  Basin ;  on  the  contrary,  the  Chalk  is  broken  by 
faults  and  disturbed  by  flexures  which  run  in  various  directions, 
and  sometimes  form  deep  local  troughs  or  ridges. 

Mr.  W.  H.  Dalton  has  made  a  special  study  of  the  subterranean 
surface  of  the  Chalk  in  Essex,  and  has  shown  that  in  the 
southern  and  eastern  parts  of  that  county  it  is  bent  into  an 
irreeular  system  of  mmor  basins  and  ridges  which  are  often 
sudaenly  cut  ott*  by  lines  of  fctulting.*  His  paper  is  illustrated 
by  a  map  of  the  county,  in  which  these  undulations  and  inter- 
ruptions are  indicated  by  contour-lines  of  depth  below  Ordnance 
datum-level.  This  map  is  reproduced  in  the  useful  "  ^^Pp^^  on 
the  Water-supply  of  the  County  of  Essex  "  by  Dr.  J.  C.  Thresh, 
which  should  be  read  by  everyone  who  is  interested  in 
the  subject. 

Mr.  W.  Whitaker  has  pointed  out  that  in  regard  to  capacity 
as  a  water  conductor,  chalk  holds  a  soit  of  intermediate  position 
between  a  loose  rock,  such  as  a  sand  or  soft  sandstone,  and  a  com- 
pact rock  like  an  ordinary  limestone  ;  "  for  whilst  a  certain  amount 
of  water  may  travel  slowly  through  the  spaces  between  the  par- 
ticles, as,  indeed,  may  be  seen  to  be  the  case  in  wells  and  adits, 
where  a  general  weeping  occurs  along  the  sides  or  walls,  a  greater 
quantity  probably  finds  an  underground  channel  along  the  planes 
of  bedding  along  which  there  are  sometimes  slight  openings, 
and  which  must  always  be  planes  of  weakness.  Still  more,  how- 
ever, finds  its  way  down  and  along  other  di\dsional  surfaces  which 
have  been  form^  after  the  consolidation  of  the  rock ;  these  are 
the  joint  planes,  formed  perhaps  by  shrinkage,  which  are  every- 
where present  [running]  in  various  directions  and  more  or  less 
vertical,  and  sometimes  causing  slight  openings  or  fissures  that 
can  l^  clearly  seen. 

"  From  this  it  follows  as  a  rule  that,  to  get  a  supply  of  water 
from  the  Chalk,  some  of  these  fissures  must  be  cut.  Now,  w^hen 
a  boring  is  made  the  breadth  of  chalk  can  be  measured  by  inches, 
and  though  l}y  good  luck  a  fissure  may  be  cut  and  a  good  supply 
of  water  got  from  it,  yet  on  the  other  hand  it  is  equally  (or  perhaps 
much  more)  likely  that  this  result  may  not  happen ;  the  boring 
is  [then]  condemned  as  a  failure,  and  the  water  l^earing  power 
of  the  Chalk  is  put  down  as  small. 

"  What  then  is  the  course  that  should  be  followed  to  get  large 
supplies  of  water  from  the  Chalk  ?  Clearly  a  boring  is  not  alw^ays 
to  be  depended  on,  and,  therefore,  the  old  plan  of  digging  a  well 
has  to  be  resorted  to,  which,  of  course,  increases  the  breadth  of 
the  work  and  with  it  the  chance  of  cutting  a  water-yielding  fissure. 
To  get  very  large  supplies,  however,  the  object  is  to  cut  many 
of  these  fissures,  in  fact,  to  expose  as  great  an  amount  of  surface 
as  passible,  and  to  admit  the  inflow  of  water  from  as  great  an 

•  "  The  Undulations  of  the  Chalk  in  Essex,"  The  Essex  Naturalist, 
vol.  V.  p.  311. 
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extent  of  chalk  as  can  conveniently  be  got  at.  This,  of  course, 
must  be  done  by  lateral  rather  than  by  vertical  extension,  and 
the  plan  adopted  is  the  driving  of  small  horizontal  tunnels  (gal- 
leries or  adits,  as  they  are  called)  below  the  plane  of  saturation 
of  the  Chalk,  and  in  such  directions  as  to  tap  the  greatest  amoimt 
of  water."* 

Even  the  method  of  driving  adits  does  not  always  succeed  in 
obtaining  an  adequate  supply  of  water,  for  the  Chalk  is  not 
always  hssured  to  the  same  extent,  and  is  sometimes  entirely 
without  open  fissures.  It  is  probable  that  the  existence  or 
absence  of^  fissures  in  deep-seated  chalk  depends  mainlv  on  the 
position  of  the  subterranean  flexures,  for  the  joints  an^  cracks 
will  be  more  open  along  the  anticUnal  axes,  while  in  the  syncUnes 
the  chalk  will  be  close  and  compact,  and  generally  without 
fissures.  This  is  probably  the  reason  why  Richmond  hiis  failed 
to  get  an  abundant  water  supply  from  the  Chalk,  notwithstanding 
the  depth  of  the  well  and  the  construction  of  3,460  yards  of 
heading  into  the  chalk,  which  however  only  yield  260,000 
gallons  a  day.  Reporting  recently  on  this  failure  Mr.  Manserfi[h 
writes,  "All  the  mformation  obtainable,  and  especially  the 
experience  of  your  own  works  points  distinctly  to  the  fact  that 
the  chalk  unaerlying  Richmond  is  very  close  and  compact, 
containing  few  fissures  or  other  channels  by  which  water  can 
pass  freely,  and  that  it  very  unlikely  that  you  can  ever  expect  to 
procure  from  this  source  all  the  water  required  for  the  growing 
needs  of  the  Borough."    (Contract  Journal,  Feb.  6,  1901). 

Another  instance  where  the  chalk  does  not  yield  water  freely, 
and  where  a  deep  S3mclinal  trough  is  known  to  exist  (see  Mr. 
Dalton's  map)  is  tne  neighbourhood  of  Chelmsford.  In  a  report 
on  the  Springfield  and  the  Great  Baddow  Waterworks  (1899) 
Messrs.  Thresn  and  Dewhirst  discuss  the  probability  of  obtaining 
a  good  supply  by  boring  down  into  the  Chalk  and  remark  that 
"  in  this  portion  of  Essex  the  chalk  appears  to  be  very  dense 
with  few  open  fissures,  and  not  to  yield  water  freely." 

There  are,  however,  other  planes  along  which  water  flows  m 
the  Chalk ;  thus  in  the  Midale  Chalk  and  in  the  lower  part  of 
the  Upper  Chalk  thin  layers  of  marl  or  marly  clay  occur,  and 
are  persistent  over  large  areas ;  these  must  hold  up  a  certain 
quantity  of  water  where  fissures  are  not  frequent.  Again,  it  is 
known  that  water  often  makes  its  way  along  the  layers  of  flints 
in  the  Upper  Chalk.  This  was  specially  noted  in  a  boring  at 
Thames  Haven  made  in  1879.  Here  the  Chalk  was  entered  at  a 
depth  of  268  feet,  and  water  rose  to  the  level  of  the  marshland ; 
at  360  feet  a  water-be  iring  layer  of  flints  was  struck,  and  the 
water  rose  llj  inches  above  the  marsh-level.  As  the  boring 
progressed  other  flint-layers  were  traversed,  each  increasing  the 
supply  until  at  570  feet  the  water  rose  19  inches  above  the 

*  Geology  of  London,  Vol.  i.  p.  510,  Mem.  Geol.  Survey  (1889). 
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marsh-leveL*  A  boring  made  at  Mitcham,  in  Surrey,  in  1850 
affords  another  good  record  of  the  same  fact ;  it  only  penetrated 
22  feet  of  chalk,  but  found  "  layers  of  flints  every  3  feet  and 
abundance  of  water  in  every  layer."  t 

It  is  worthy  of  note  that  water  issuing  from  the  Chalk,  whether 
in  springs  or  from  deep  wells  and  borings,  varies  but  Uttle  in  tem- 
perature all  the  year  round,  being  always  about  50  deg.  Fahr., 
hence  it  seems  fresh  and  cool  in  summer  and  almost  warm  in  the 
winter,  with  the  fui-ther  consequence  that  chalk  springs  are  rarely 
frozen  up. 

QuALrrv  of  Watebs  obtained  fbom  the  Chalk. 

The  water  of  springs  issuing  from  the  chalk  is  always  clear 
brilliant,  colourless,  and  palatable,  and  except  in  rare  cases  where 
it  is  polluted  by  the  infiltration  of  organic  matter  from  the  neigh- 
boiuing  ground,  it  is  go6d  and  wholesome  water.  It  contains 
only  minute  traces  of  organic  matter,  but  is  always  more  or  less 
hard,  this  hardness  being  mainly  of  the  kind  called  temporary, 
that  is,  due  to  the  presence  of  carbonate  of  Ume  and  carbonate  of 
magnesia  in  solution,  which  are  easily  and  cheaply  removed  by  the 
addition  of  slaked  hme  to  the  water. 

The  water  obtained  from  wells  sunk  through  the  chalk,  where 
it  forms  the  surface  soil  or  is  covered  only  by  permeable  deposits, 
is  of  a  similar  character,  always  (when  unpolluted)  containing 
but  a  trace  of  organic  matter,  but  always  holding  in  solution  a 
considerable  amount  of  carbonate  of  lime. 

When,  however,  water  is  obtained  from  deep  borings  carried 
through  the  London  Clay  and  London  Tertiaries  into  chalk  satu- 
rated with  water  it  is  found  to  exhibit  a  great  difference  in  charac- 
ter. The  total  amount  of  solid  matter  in  solution  is  much  greater, 
on  the  average  twice  as  great ;  while  the  hardness  is  much  less 
and  is  much  more  due  to  the  presence  of  soda  salts  such  as  the 
carbonate  and  sulphate  of  soda ;  there  m  also  generally  a  consider- 
able quantity  of  common  salt  (sodium  chloride)  in  solution.  The 
amount  of  organic  matter  is  usually  rather  larger  but  is  still  very 
small  and  the  water  obtained  from  such  borings  is  generally  clear, 
palatable  and  wholesome. 

The  existence  of  these  differences  in  the  chai'acter  of  chalk 
waters  according  to  their  source  from  beneath  bare  chalk  or  from 
below  the  London  Clay,  etc.,  was  indicated  in  the  Sixth  Report 
of  the  Rivers  Pollution  Commission  (1874),  and  was  illustrated 
by  several  series  of  analyses  of  such  waters.  The  following  are 
the  averages  of  the  results  of  these  analyses  as  given  in  that  Report, 
the  quantities  being  expressed  in  parts  per  100,000  :— 

•  See  Whitaker  "  Geology  of  London,"  p.  37,  and  Dr.  Thresh  "  Report  on 
the  Water-sui)ply  of  Easex,^'  p.  26. 
t  Whitaker,  op,  cit,  p.  208. 
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It  should,  however,  be  mentioned  that  live  of  the  deep  well 
waters  in  the  second  seriee  are  evidently  bo  much  polluted  by 
contamination  witti  sewage  that  they  should  be  omittfid  for  the 
purpose  of  the  above  comparison,  the  results  of  the  remaining 
33  analyses  agreeing  more  closely  with  those  of  the  spring  waters. 
The  average  of  the  total  solids  in  solution  in  the  well  waters  is 
then  35'  11  ;  the  averse  temporary  hardness  is  20'  1,  and  that 
of  the  total  hardness  ia  26'39. 

Mr.  B.  B.  Hayward  has  dealt  with  this  matter  in  a  paper  "  On 
the  Water  in  the  Chalk  beneath  the  London  Clay,"*  to  which 
the  reader  ia  referred  for  a  good  summary  of  the  subject.  He 
also  gave  a  table  of  analyses  of  the  content*  of  16  different  well 
waters,  and  he  subsequently,  at  Mr.  Whitaker's  desire,  reduced 
the  analyses  of  other  well  waters  to  the  same  common  form,  the 
extended  table  being  printed  in  the  Appendix  to  Mr,  Whitaker's 
memoir  on  the  Geotogy  of  London.']' 

Writing  in  1888  and  referring  to  the  great  dilferenc«  between 
the  water  from  uncovered  chalk  and  that  of  the  deeply-covered 
chalk,  Mr,  Whitaker  remarked  that  no  satisfactory  explanation 
had  yet  beeu  given  and  that  further  investigation  was  needed.t 
lie  takes  note  of  the  supposition  that  "  some  of  the  salts,  such 
as  the  sodium  chloride,  may  be  the  remains  of  the  salt  of  the  old 
oceau  in  which  the  chalk  was  depoBit«d,"§  but  observes  that  if  so, 
"  one  might  have  expected  to  lind  them  at  great  deptlis  in  the 
chalk  where  it  is  not  covered  by  the  Tertiary  Beds." 

He  then  thought  it  more  probable  that  the  quality  of  the  water 
in  the  chalk  beneath  the  Tertiariee  was  due  to  inter-communication 
between  the  water  in  the  chalk  and  that  in  the  overlying  Tertiary 
aands,  whereby  "  the  water  in  the  former  has  become  charged 
with  some  of  the  saline  constituents  of  those  sands,  whether  original 
or  produced  by  chemical  alterations  going  on  at  great  depths 
where  the  beds  are  saturated  with  water." 

•  Middlesex  Nat.  Hist.  Soc.,  1887,  p.  48-^3. 

t  "  The  Geology  of  London,"  Mem,  Oeol.  Survey,  Vol.  L  table  opposite 
p,  533. 

I  "  Geology  irf  London,  etc.,"  Vd.  i.  p.  514  (1889). 

§  Sir  J.  Preatwich  held  this  view  (see  his  "  Water-bearing  Strata  of 
London,"  1851,  p.  220). 
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At  the  time  when  the  remarks  above  quoted  were  published, 
Mr.  Whitaker  was  unaware  that  the  subject  had  been  discussed 
by  Mr.  R.  Warrington  in  1887,*  but  on  the  occasion  of  an  addi-CHS 
to  the  Hertfordshire  Natui-al  History  society  in  1898,|  he  drew 
attention  to  Mi\  Warrington's  paper  as  containing  a  better  expla- 
nation of  the  facts  than  the  one  he  had  suggested. 

Mr.  Warrington  was  specially  dealing  with  the  waters  of  the 
deep  wells  at  Harpenden  in  Heists,  and  on  comparing  the  results  of 
his  analyses  with  those  of  other  well  waters  he  was  struck  by  the 
small  amount  of  chlorine  occurring  in  the  Harpenden  water.  He 
says  :  "  It  would  appear  that  there  is  some  peculiarity  in  the  chalk 
water  of  Harpenden  so  far  as  its  contents  in  chlorides  are  concerned. 
I  venture  to  think  that  the  low  proportion  of  chlorides  in  the  pure 
well-waters  of  Harpenden  may  be  due  to  the  situation  of  the  village 
not  far  from  the  escarpment  of  the  Chalk  at  the  northern  edge 
of  the  Thames  basin.  The  CJhalk  here  being  at  a  considerable  eleva- 
tion (344  to  430  feet  above  the  sea),  and  the  gradient  of  the  under- 
ground water-level  very  considerable,  the  chalk-rock  has  been  in 
the  course  of  ages  washed  very  thoroughly  by  the  iJei'colation  of 
rain,  and  the  chlorides  originally  present  in  the  rock  when  upheaved 
from  the  sea  have  been  almost  completely  removed." 

"  The  wells  in  the  lower  part  of  the  chalk-basin  are  obviously 
supplied  to  a  considerable  extent  by  the  underground  drainage 
from  the  upper  part  of  the  basin.  This  underground  drainage 
water  when  it  ])asses  Harpenden  contains  about  11  parts  of 
chlorine  per  million  of  water;  but  as  it  continues  to  percolate 
through  masaas  of  chalk  at  a  great  distance  from  the  surface,  it 
may  be  assumed  to  gain  chlorides  from  the  small  residue  of 
common  salt  remaining  in  the  rock,  so  that  wells  in  the  lower 
part  of  the  Ijasin  should  on  an  average  contain  water  richer  in 
chlorides  than  wells  at  the  edge  of  the  basin  " 

"  Direct  evidence  as  to  the  presence  of  common  salt  in  the  Chalk 
seems  to  be  furnished  by  the  general  considerable  excess  of  chlorides 
in  contaminated  well  waters  over  the  amount  furnished  by 
rain  and  present  in  the  waters  of  land-drainage."  [This  point 
he  had  previously  proved.]  Still  stronger  evidence  is  supplied 
by  the  condition  of  the  well-waters  in  the  Chalk  when  this  formation 
is  covered  by  the  London  Clay.  The  clay  has,  of  course,  prevented 
any  percolation  of  rain  from  above ;  the  washing  of  this  chalk 
has,  therefore  been  confined  for  many  ages  to  the  slow  passage 
through  it  of  water  from  the  upper  part  of  the  basin  already  con- 
taining chlorides.  Under  these  circumstances  we  find  a  well- 
water  extremely  rich  in  chlorides.    Frankland  found,  as  a  mean  of 

*  Jouni.  Chera.  Soc.,  Vol.  li.,  p.  500. 

t  "  The  Chalk  Water  in  Hertfordshire,"  Trans.  Hert.  Nat.  Hist.  Soc., 
Vol.  X. 
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13  well-waters,  150*2  parts  of  chlorine  per  million  of  water  ;  and 
this  richness  in  chlorides  occurs  in  wells  now  far  removed  from 
the  sea." 

I  may  mention  that  the  same  explanation  had  occurred  to  me 
before  reading  Mr.  Warrington's  paper  or  Mr.  Whitaker's  reference 
to  it,  and  that  I  had  formulated  it  in  the  following  terms.  Assum- 
ing that  some  sodium  chloride  was  embedded  and  occluded  in 
the  Chalk,  and  also  that  originally  it  was  equally  disseminated 
tlu*oughout  the  formation,  it  is  clear  that  it  would  be  moi-e  or  less 
completely  leached  out  of  all  those  portions  of  the  chalk  which  were 
uptilted  and  so  became  exposed  to  the  continual  action  of  perc<> 
lating  fresh  water.  But  in  the  central  portions  of  the  synclines 
beneath  the  Tertiaries,  where  the  Chalk  has  probably  been  always 
saturated  with  water,  there  could  not  be  the  same  rapid  extraction 
of  the  sodium  chloride.  It  is  true  that  under  the  London  Basin 
there  is  probably  a  certain  movement  of  water  eastward  toward 
the  sea,  but  it  must  be  very  slow,  for  there  is  not  likely  to  be  any 
free  exit  for  it  beneath  the  North  Sea.  Thus  it  seems  quite  possible 
that  in  such  portions  of  the  Chalk  that  are  well  below  the  sea  level, 
much  of  the  original  sodium  chloride  may  still  remain  in  solution, 
and  it  is  possible  even  that  the  amount  has  been  increased  in  some 
places  by  that   whch  has  been  leached  out  from  higher  levels. 

It  may  also  be  observed  that  the  increase  of  saline  contents 
in  the  water  found  below  London  must  not  be  considered  as  an 
isolated  case ;  there  is  probably  a  similar  increase  in  the  case  of 
other  formations,  notably  in  water  from  the  Lower  Greensand  in 
Oxfordshire  and  from  the  Coral  Rag  at  Swindon.* 

In  his  address  above  mentioned  Mr.  Whitaker  remarks :  "It 
seems  to  me  that  the  above  is  a  good  explanation,  and  the  more 
so  as  it  accounts  for  like  occurrences  (sometimes  of  a  stronger  kind ) 
in  other  formations  than  the  Chalk.  The  washing  out  of  the  salts 
from  the  Chalk  from  the  escarpment  downward  to  the  central 
parts  of  the  basin  where  concentration  would  take  place ;  the 
possible  addition  there  of  salts  derived  from  the  Tertiary  sands 
(between  the  London  Clay  and  the  Chalk);  and  perhaps  some 
chemical  changes  slowly  brought  about  in  the  deep-seated  water  ; 
these  would  seem  to  be  enough  to  account  for  the  great  diflFerencee 
in  the  mineral  contents  of  the  waters  in  the  open  and  in  the  covered 
chalk.'' 

It  should,  however,  be  mentioned  that  still  more  recently  another 
suggestion  has  l^een  made  which  deserves  notice,  inasmuch  as  it 
comes  from  a  good  chemist.  Dr.  J.  C.  Thresh,  in  a  paper  on 
"  The  Saline  Constituents  of  Chalk  Waters, "f  writes  as  follows  : — 

"  My  view  is  that  this  water  is  practically  stagnant  under  the 
country,  and  that  in  the  course  of  ages  the  action  between  the 

*  See  Jukes-Browne  "  On  a  Boring  at  Shillingford,"  Midland  Naturalist, 
Vol.  xiv.  p.  201  (1891),  and  H.  B.  Woodward  "  On  a  Well-sinking  at  Swin- 
don, Quart.  Journ.  Geol.  Soc,  Vol.  lii.  p.  289  (1885). 

t  "  The  Journal  of  State  Medicine,"  Vol.  vii.  p.  437,  1899. 
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water  which  entered  on  the  west  from  the  Chalk  outcrop  and  the 
sea-water  which  entered  on  the  east  from  the  opposite  outcrop 
under  the  ocean  has  resulted  in  the  formation  of  these  particular 
fonstituents."  He  thinks  that  "very  little  of  this  water  comes 
rom  the  outcrop  to  the  west/'  and  that  as  the  multiplication  of 
deep  wells  continues  to  reduce  the  water-level,  "  the  sea-water 
will  travel  inland  faster  than  the  reactions  which  have  produced 
the  saline  constituents  of  the  water  now  in  the  chalk  can  keep 
pace  with." 

He  also  remarks  that  some  of  his  analyses  show  a  great  variation 
in  the  contents  of  chalk- water  even  in  the  same  parish,  and  observes 
that  ''  such  great  variation  over  so  limited  an  area  does  not  point 
to  free  inter-communication,  nor  to  a  continuous  flow  of  under- 
ground water  in  any  direction.  It  points  rather  to  a  condition 
approaching  stagnation  allowing  local  influences  to  exert  a  maxi- 
mum eflfect."  Again  he  says :  "  I  can  discover  no  indication  of  this 
alkaline  water  tr.ivelling  in  any  direction,  and  in  my  opinion  it 
is  a  vast  and  practically  stagnant  underground  reservoir  which, 
if  drawn  from,  is  much  more  likely  to  be  fed  with  sea-water  from 
the  east  than  by  the  rainfall  on  the  outcrop  to  the  west." 

Dr.  Thresh  may  be  right  in  concluding  that  the  water  in  the 
deeper  parts  of  the  Chalk  Basin  is  in  a  "  condition  approaching 
stagnation,"  but  I  think  few  geologists  will  agree  that  very  Uttle 
of  the  water  comes  from  the  outcrop  on  the  west.  He  admits 
that  some  may  enter  South  Essex  from  the  outcrop  in  Kent,  but 
thinks  that  most  of  the  Kent  water  which  passes  northward  is 
forced  out  through  fissures  into  the  bed  of  the  Thames 

He  writes  as  if  he  thought  there  was  an  outcrop  of  Chalk  beneath 
the  bed  of  the  North  Sea,  whereas  the  fact  is  that  the  Tertiaries 
of  the  London  Basin  are  continued  eastwaixi  beneath  that  sea  into 
Belgium  and  Holland.  The  head  of  fresh  water  flowing  continu- 
ally into  the  subterranean  extension  of  the  Chalk  from  the  out- 
crops on  the  south,  the  west  and  the  north-west  probably  affords 
a  much  greater  general  pressure  than  is  needed  to  keep  sea-water 
from  flowing  into  the  basin,  from  the  few  points  where  chalk  does 
come  into  contact  with  the  sea.  These  are  (1)  ai'ound  Grays  and 
Gravesend,  (2)  in  the  Isle  of  Thanet,  (3)  near  Cromer,  in  Norfolk. 
It  is  quite  true  that  in  these  localities  sea  water  does  make  its 
way  into  the  wells  after  continued  pumping,  but  this  is  only  because 
the  pressure  of  the  head  of  fresh  water  has  been  reduced  by  the 
pumping,  and  the  result  is  entirely  a  local  one. 

If  Dr.  Thresh's  view  were  correct,  one  would  expect  that  his 
tables  of  analyses  would  show  a  general  increase  of  saJine  constitu- 
ents as  one  travelled  in  the  direction  of  the  sea,  and  especially  an 
increase  in  the  amount  of  sodium  chloride,  but  such  does  not  appear 
to  be  the  case.  Thus  there  are  eight  instances  in  Essex  in  which  the 
total  quantity  of  salts  amount  to  over  100  parts  per  100,000,  and 
of  these  six  are  inland  places,  and  only  two  (Wivenhoe  and  Clacton) 
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are  near  the  aes ;  yet  in  all  of  them  the  amount  of  sodium  chloride 
is  over  50  per  cent,  of  the  total,  and  in  the  case  of  Thorpe  it  is  67 
per  cent 

All  the  facta  adduced  by  Dr.  Thresh  are  indeed  more  satisfactorily 
explained  on  the  theory  of  embedded  salts  than  on  the  supposition 
of  interaction  with  sea  water  now  in  process  of  diffusion.  But  his 
tables  of  analyses,  which  the  proportions  of  the  different  salts 
existing  in  water  from  many  localities,  are  very  valuable,  and 
represent  the  results  of  no  fewer  than  72  analyses.  Some  of  these 
are  quoted  in  the  two  following  tables,  the  first  one  containing 
sixteen  of  Dr.  Threeh's  analyses  of  well  waters  in  exposed  chalk, 
and  the  second  edxteen  examples  of  water  from  below  the  Tertiary 
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There  is  another  aspect  of  the  question  which  has  been  touched 
upon  by  Mr.  Whitaker,  and  which  he  puts  as  follows:— ** If  the 
view  is  right  which  I  am  induced  to  take,  or  indeed  if  any  view 
of  purely  local  origin  is  right,  one  would  expect  that  the  alkaline 
salts  should  decrease  bv  continuous  extraction  of  the  water,"  and 
Mr.  Hay  ward  gives  some  evidence  to  that  effect.  He  says  that  "  the 
well  at  the  Harrow  Waterworks  was  sunk  with  such  care  to  exclude 
the  water  from  the  sands  ....  above  the  chalk,  that  there  can 
be  no  doubt  that  we  are  dealing  in  this  case  with  water  from  the 
clialk  alone/'  and  he  notes  the  following  general  i*esidts  of  analyses 
at  different  times,  adding  that  *'  this  appears  to  show  a  progressive 
improvement  in  the  water." 

In  1868,  total  solid  coatents  1,044.  Hardness  48*5  i 

Iq  1870        „            „            „  1,009.            „        44-4." 

In  1873        „            „            „  981.            „        40"8. 

In  1883       „            „            „  884.            „        38*5  or  34*3  (?). 


Mr.  Hay  ward  also  remarks  that  "  it  would  be  interesting  to 
examine  whether  the  softening  [of  the  underground  water]  is 
regularly  progressive  as  the  water  passes  inwards  from  the  outci^op." 
That  this  is  the  case  seems  to  be  indicated  by  the  analyses  which 
were  arranged  by  Mr.  Hayward,  and  printed  in  Mr.  Whitaker's 
memoir,  when  these  analyses  are  grouped  as  follows  :— 


Group  A.- 
Group  B.- 
Group  C- 
Group  D.- 


-Waters  from  below  bare  chalk  in  Herts  and  Surrey. 
-Waters  from  below  covered  chalk  in  Kent  and  Surrey. 
Waters  from  below  covered  chalk  in  Central  London. 
Waters  from  below  covered  chalk  north  of  London. 


Group  A  includes  only  four  analyses,  but  they  are  fairly  repre- 
sentative ;  for  each  of  the  other  groups  I  have  taken  the  residts  of 
eight  analyses,  and  calculated  the  averages  of  the  several  ingredi- 
ents.   These  come  out  as  follows  :— 

KverdQc  contents  of  different  groups  of  Well  Waters  expressed  in  Parts 

per  100,<XK). 


Calcium 

Magnesium 

Sodium 

Potash 

Carbonic  acid 

Sulphuric  acid 

Chlorine 

Nitric  acid 

SiUca 

Organic  matter 

Totals 


Group  A. 

1 
Group  B.  ' 

Group  C. 

Group  D. 

10*62 

7-6 

2^25 

4^7 

•45 

r27 

•8 

4-3 

1*12 

6^92 

23-5 

15-0 

— 

1-3 

6-2 

29 

15  •  25 

16-1 

21-7 

19-3 

•92 

7-36 

18-9 

18-8 

1*25 

3^4 

15-4 

95 

re 

— 

— 

— 

1-2 

1-0 

1.6 

1^5 

1-67 

•9 

.5 

2-1 

34-08 

45^85 

90^85 

78-1 
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It  will  be  seen  that  the  contents  of  groups  0  and  D  differ  greatly 
from  those  of  the  other  two,  and  do  not  differ  very  much  from  one 
another  except  in  the  proportions  of  sodium  and  chlorine,  there 
being  evidently  more  sodium  chloride  in  the  water  under  London 
than  in  the  area  further  north. 

Still  more  recently  Mr. W.W.  Fisher  has  written  on  this  subject* 
and  he  is  of  the  same  opinion  as  Mr.  Warington,  Mr.  Whitaker 
and  myself.  He  points  out  that  even  if  infilnraiion  from  the  sea 
were  possible  in  some  parts  of  Essex,  it  could  hardly  be  the 
explanation  at  Wokingham  in  Berkshire,  where  the  water  derived 
from  the  Chalk  is  markedly  alkaline  and  contains  as  much  as 
25  grains  per  gallon  of  chlorme  (in  chlorides). 

Mr.  Fisher  believes  that  all  the  sodium  salts  found  in  deep- 
seated  waters  from  the  Chalk  of  the  London  Basin  have  been 
derived  from  the  soluble  salts  retained  bv  and  occluded  in  the 
mass  of  the  Chalk,  and  have  been  gradually  taken  up  into  solu- 
tion by  the  percolating  water  in  its  progress  from  the  marginal 
outcrops  of  the  Chalk  into  the  central  parts  of  the  Basin.  He. , 
thinks  that  during  this  progress  "the  proportion  of  alkaline 
carbonates  will  gradually  increase,  and  jvsit  increases  the  calcium  _ 

salts  will  diminish  until  mere  traces  only  are  left ^ 

The  amount  of  calcium  carbonate  in  solution  will  ultimately 
depend  on  the  amounts  of  carbonic  acid  in  the  water  available  J 
as  a  solvent,  so  that  some  of  the  alkaline  chalk-watcrs  are  harder^- 
than  others  for  this  reason." 

In  order  to  test  the  existence  of  sodium  salts  in  the  Chalk : 
itself,  he  obtained  samples  of  Chalk  taken  from  the  boring  at 
Meux*s  Brewery,  in  Tottenham  Court  Road,  and  analysed  that 
taken  from  a  depth  of  500  feet  with  the  following  results  :— 


Calcium  as  carbonate 
Silica  (including  soluble  silica) 
Iron  oxide  ( with  P2  O5  ) 
Magnesium  carbonate 
Sodium  sulphate 
Sodium  chloride 
Sodium  carbonate 
Water  and  loss 


93  90 
4*20 
•50 
•70 
•28 
•20 
03 
•19 

lOO^OO 


•  "  On  Alkalme  Waters  fron^  \h^  Chalk,"  The  Analyst  (A^guat,  1901), 
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APPENDIX  I.— PALJIONTOLOGY. 

A.— CRITICAL  REMARKS  ON  SOME  SPECIES  OF 

FOSSnfi. 

By  E.  T.  Newton  and  A.  J.  Jukes-Browne. 

Cephalopoda. 

AcnNOCAMAX  lanceolatus.  Sow. 

1829.    Belemnites  lanceolatus,  Sow.    Min.  Con.,  pi.  600,  figs,  8,  0. 
non  Belemnites  lanceolatus,  Schloth.    Petref.,  p.  49,  No.  8. 

The  Belemnite  figured  by  Sowerby  under  the  name  of  lanceolcUus 
aeems  to  have  been  overlooked  by  most  writers,  and  specimens 
have  hitherto  been  generally  regarded  as  a  variety  of  Belemnites 
plenu8,  Blainv. 

It  is  true  that  the  young  forms  of  Bd.  (Actinocamax)  plenus  are 
not  inflated  like  the  adult  individuals,  but  are  narrow  and  not 
unlike  the  species  figured  by  Sowerby,  but  Sowerby's  types  came 
from  the  Chalk  Marl  of  Hamsey,  and  specimens  with  imquestion- 
ably  the  same  form  occiu*  not  unfrequently  in  the  Chalk  Marl  of 
Folkestone  and  in  the  Tottemhoe  Stone  of  Bedfordshire  and 
Cambridgeshire,  whereas  typical  inflated  examples  of  Actinocamax 
plenus  have  never  yet  been  obtained  from  the  zone  of  Ammonites 
vajnans.  The  Chalk  Marl  form  is,  moi-eover,  rather  stouter  for 
its  length  and  has  its  sides  more  continuously  |)amllel. 

As  it  is  an  ActiTwcamax  and  not  a  Bdemnxtella,  and  as  the  former 
is  now  recognised  as  a  distinct  genus,  it  ciin  retain  the  specific  name 
given  to  it  by  Sowerby.  Sharpe  (Pal.  Soc.,  Chalk  Cephalopoda) 
confused  this  form  with  the  true  Act,  jAenus  (Blainv.). 

Actinocamax  Toucasi,  Janet. 

1891.    Actinocamax  Toucasi,  Janet    Bull.  Soc.  Geol.  Fr.,  Ser.  iii., 
Vd.  xix.  p.  719. 

This  species  has  been  identified  by  Mr.  G.  C.  Crick  from  a  specimen 
in  Dr.  Blackmore's  collection  obtained  from  Hamham,  near  Salis- 
bury. It  resembles  Act.  plenus  in  many  respects,  having  somewhat 
similar  swelling  outlines,  but  is  wider  laterally  than  from  front  to 
back,  while  in  Act.  plenus  the  reverse  is  the  case. 

The  type  was  obtained  from  the  base  of  the  Act.  quadratus  sson^ 
in  F^i^nee,  and  the  Salisbury  specin^ei^  is  from  the  same  zone. 
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At  the  time  when  the  remarks  above  quoted  were  published, 
Mr.  Whitaker  was  unaware  that  the  subject  had  been  discussed 
by  Mr.  R.  Warrington  in  1887,*  but  on  the  occasion  of  an  addreHS 
to  the  Hertfordshire  Natural  History  society  in  1898,|  he  drew 
attention  to  Mr.  Warrington's  paper  as  containing  a  better  expla- 
nation of  the  facts  than  the  one  he  had  suggested. 

Mr.  Warrington  was  specially  dealing  with  the  waters  of  the 
deep  wells  at  Harpenden  in  Heits,  and  on  comparing  the  results  of 
his  analyses  with  those  of  other  well  waters  he  was  struck  by  the 
small  amount  of  chlorine  occurring  in  the  Harpenden  water.  He 
says  :  "  It  would  appear  that  there  is  some  peculiarity  in  the  chalk 
water  of  Harpenden  so  far  as  its  contents  in  chlorides  ai*e  concerned. 
I  venture  to  think  that  the  low  proportion  of  chlorides  in  the  pure 
well-waters  of  Harpenden  may  be  due  to  the  situation  of  the  village 
not  far  from  the  escarpment  of  the  Chalk  at  the  northern  edge 
of  the  Thames  basin.  The  Chalk  here  being  at  a  considerable  eleva- 
tion (344  to  430  feet  above  the  sea),  and  the  gradient  of  the  under- 
ground water-level  very  considerable,  the  chalk-rock  has  been  in 
the  course  of  ages  washed  very  thoroughly  by  the  percolation  of 
rain,  and  the  chlorides  originally  present  in  the  rock  when  upheaved 
from  the  sea  have  been  almost  completely  removed." 

"  The  wells  in  the  lower  part  of  the  chalk-basin  are  obviously 
supplied  to  a  considerable  extent  by  the  underground  drainage 
from  the  upper  part  of  the  basin.  This  underground  drainage 
water  when  it  passes  Harpenden  contains  about  11  parts  of 
chlorine  per  million  of  water;  but  as  it  continues  to  percolate 
through  masses  of  chalk  at  a  great  distance  from  the  surface,  it 
may  be  assumed  to  gain  chlorides  from  the  small  residue  of 
common  salt  remaining  in  the  rock,  so  that  wells  in  the  lower 
part  of  the  basin  should  on  an  average  contain  water  richer  in 
chlorides  than  wells  at  the  edge  of  the  basin  " 

"  Direct  evidence  as  to  the  presence  of  common  salt  in  the  Chalk 
seems  to  be  furnished  by  the  general  considerable  excess  of  chlorides 
in  contaminated  well  waters  over  the  amount  furnished  by 
rain  and  present  in  the  waters  of  land-drainage."  [This  point 
he  had  previously  proved.]  Still  stronger  evidence  is  supplied 
by  the  condition  of  the  well-waters  in  the  Chalk  when  this  formation 
is  covered  by  the  Tx)ndon  Clay.  The  clay  has,  of  course,  prevented 
any  percolation  of  rain  from  above ;  the  washing  of  this  chalk 
has,  therefore  been  confined  for  many  ages  to  the  slow  passage 
through  it  of  water  from  the  upper  part  of  the  basin  already  con- 
taining chlorides.  Under  these  circumstances  we  find  a  well- 
water  extremely  rich  in  chlorides.    Frankland  found,  as  a  mean  of 

*  Journ.  Chem.  Soc.,  Vol.  li.,  p.  500. 

t  "  The  Chalk  Water  in  Hertfordshire,"  Trans.  Hert.  Nat.  Hist.  See., 
Vol.  X. 
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13  well-waters,  150*2  parts  of  chlorine  per  million  of  water  ;  and 
this  richness  in  chlorides  occm^  in  wells  now  far  removed  from 
the  sea.'* 

I  may  mention  that  the  same  explanation  had  occurred  to  me 
before  reading  Mr.  Warrington's  paper  or  Mr.  Whitaker's  reference 
to  it,  and  that  I  had  formulated  it  in  the  following  terms.  Assum- 
ing that  some  sodium  chloride  was  embedded  and  occluded  in 
the  Chalk,  and  also  that  originally  it  was  equally  disseminated 
throughout  the  formation,  it  is  clear  that  it  would  be  moi-e  or  less 
completely  leached  out  of  all  those  portions  of  the  chalk  which  were 
uptilted  and  so  became  exposed  to  the  continual  action  of  perco- 
lating fresh  water.  But  in  the  central  portions  of  the  synclines 
beneath  the  Tertiaries,  where  the  Chalk  has  probably  been  always 
saturated  with  water,  there  could  not  be  the  same  rapid  extraction 
of  the  sodium  chloride.  It  is  true  that  under  the  London  Basin 
there  is  probably  a  certain  movement  of  water  eastward  toward 
the  sea,  but  it  must  be  very  slow,  for  there  is  not  likely  to  be  any 
free  exit  for  it  beneath  the  North  Sea.  Thus  it  seems  quite  possible 
that  in  such  portions  of  the  Chalk  that  are  well  below  the  sea  level, 
much  of  the  original  sodium  chloride  may  still  remain  in  solution, 
and  it  is  possible  even  that  the  amount  has  been  increased  in  some 
places  by  that   whch  has  been  leached  out  from  higher  levels. 

It  may  also  be  observed  that  the  increase  of  saline  contents 
in  the  water  found  below  London  must  not  be  considered  as  an 
isolated  case ;  there  is  probably  a  similar  increase  in  the  case  of 
other  formations,  notably  in  water  from  the  Lower  Greensand  in 
Oxfordshire  and  from  the  Coral  Rag  at  Swindon.* 

In  his  address  above  mentioned  Mr.  Whitaker  remarks :  "  It 
seems  to  me  that  the  above  is  a  good  explanation,  and  the  more 
so  as  it  accounts  for  like  occurrences  (sometimes  of  a  stronger  kind) 
in  other  formations  than  the  Chalk.  The  washing  out  of  the  salts 
from  the  Chalk  from  the  escarpment  downward  to  the  ciBntral 
parts  of  the  basin  where  concentration  would  take  place ;  the 
possible  addition  there  of  salts  derived  from  the  Tertiary  sands 
(between  the  London  Clay  and  the  Chalk) ;  and  perhaps  some 
chemical  changes  slowly  brought  about  in  the  deep-seated  water  ; 
these  would  seem  to  ]ye  enough  to  account  for  the  great  differences 
in  the  mineral  contents  of  the  waters  in  the  open  and  in  the  covered 
chalk.'' 

It  should,  however,  be  mentioned  that  still  more  recently  another 
suggestion  has  l)een  made  which  deserves  notice,  inasmuch  as  it 
comes  from  a  good  chemist.  Dr.  J.  C.  Thresh,  in  a  paper  on 
"  The  Saline  Constituents  of  Chalk  Waters,"t  writes  as  follows  : — 

"  My  view  is  that  this  water  is  practically  stagnant  under  the 
country,  and  that  in  the  course  of  ages  the  action  between  the 

*  See  Jukes-Browne  "  On  a  Boring  at  Shillingford,"  Midland  Naturalist, 
Vol.  xiv.  p.  201  (1891),  and  H.  B.  Woodward  "  On  a  Well-sinkmg  at  Swin- 
don, Quart.  Journ.  Geol.  Soc.,  Vol.  lii.  p.  289  (1885). 

t  "  The  Journal  of  State  Medicine,"  Vol.  vii.  p.  437,  1899. 
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water  which  entered  on  the  west  from  the  Chalk  outcrop  and  the 
sea-water  which  entered  on  the  east  from  the  opposite  outcrop 
under  the  ocean  has  resulted  in  the  formation  of  these  particular 
fonstituents."  He  thinks  that  "very  little  of  this  water  comes 
rom  the  outcrop  to  the  west/'  and  that  as  the  multiplication  of 
deep  wells  continues  to  reduce  the  water-level,  "  the  sea-water 
will  travel  inland  faster  than  the  reactions  which  have  produced 
the  saline  constituents  of  the  water  now  in  the  chalk  can  keep 
pace  with." 

He  also  remarks  that  some  of  his  analyses  show  a  great  variation 
in  the  contents  of  chalk- water  even  in  the  same  parish,  and  observes 
that  ''  such  great  variation  over  so  limited  an  area  does  not  point 
to  free  inter-communication,  nor  to  a  continuous  flow  of  under- 
ground water  in  any  direction.  It  points  rather  to  a  condition 
approaching  stagnation  allowing  local  influences  to  exert  a  maxi- 
mum effect.'*  Again  he  says :  "  I  can  discover  no  indication  of  this 
alkaline  water  tiMvelling  in  any  direction,  and  in  my  opinion  it 
is  a  vast  and  practically  stagnant  underground  reservoir  which, 
if  drawn  from,  is  much  more  likely  to  be  fed  with  sea-water  from 
the  east  than  by  the  rainfall  on  the  outcrop  to  the  west." 

Dr.  Thresh  may  be  right  in  concluding  that  the  water  in  the 
deeper  parts  of  the  Chalk  Basin  is  in  a  "  condition  approaching 
stagnation,"  but  I  think  few  geologists  will  agree  that  very  Kttle 
of  the  water  comes  from  the  outcrop  on  the  west.  He  admits 
that  some  may  enter  South  Essex  from  the  outcrop  in  Kent,  but 
thinks  that  most  of  the  Kent  water  which  passes  northward  is 
forced  out  through  fissures  into  the  bed  of  the  Thames 

He  writes  as  if  he  thought  there  was  an  outcrop  of  Chalk  beneath 
the  bed  of  the  North  Sea,  whereas  the  fact  is  that  the  Tertiaries 
of  the  London  Basin  are  continued  eastwaixi  beneath  that  sea  into 
Belgium  and  Holland.  The  head  of  fresh  water  flowing  continu- 
ally into  the  subterranean  extension  of  the  Chalk  from  the  out- 
crops on  the  south,  the  west  and  the  north-west  probably  affords 
a  much  greater  general  pressure  than  is  needed  to  keep  sea-water 
from  flo\ving  into  the  basin,  from  the  few  points  where  chalk  does 
come  into  contact  with  the  sea.  These  are  (1)  ai'ound  Grays  and 
Gravesend,  (2)  in  the  Isle  of  Thanet,  (3)  near  Cromer,  in  Norfolk. 
It  is  quite  true  that  in  these  localities  sea  water  does  make  its 
way  into  the  wells  after  continued  pumping,  but  this  is  only  because 
the  pressure  of  the  head  of  fresh  water  has  been  reduced  by  the 
pumping,  and  the  result  is  entirely  a  local  one. 

If  Dr.  Threah's  view  were  correct,  one  would  expect  that  his 
tables  of  analyses  would  show  a  general  increase  of  saline  constitu- 
ents as  one  travelled  in  the  direction  of  the  sea,  and  especially  an 
increase  in  the  amount  of  sodium  chloride,  but  such  does  not  appear 
to  be  the  case.  Thus  there  are  eight  instances  in  Essex  in  which  the 
total  quantity  of  salts  amount  to  over  100  parts  per  100,000,  and 
of  these  six  are  inland  places,  and  only  two  (Wivenhoe  and  Clacton) 
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are  near  the  eea ;  yet  in  all  of  them  the  amount  of  sodium  chloride 
is  over  50  per  cent,  of  the  total,  and  in  the  case  of  Thorpe  it  is  67 
per  cent. 

All  the  facts  adduced  by  Dr.  Thresh  are  indeed  more  aatisfactorily 
explained  on  the  theory  of  embedded  salts  than  on  the  suppOBition 
of  interaction  with  sea  water  now  in  process  of  diffusion.  But  his 
tables  of  analyses,  which  the  proportiona  of  the  difTerent  salts 
existii^;  in  water  from  many  localities,  are  very  valuable,  and 
represent  the  results  of  no  fewer  than  72  analyses.  Some  of  these 
are  quoted  in  the  two  following  tables,  the  first  one  containing 
sixteen  of  Dr.  Thresh's  analjmes  of  well  waters  in  exposed  chalk, 
and  the  second  sixteen  examples  of  water  from  below  the  Tertiary 
Beds  in  Essex. 


TABLE  L— Salisb  CoNSTrrufiUTs  is  Watbb  from  Wklls  ik 
Areas  of  Chalk.    Id  parta  per  lOO.OOu. 
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TABLE  II.— Valine  Constitubnts  of  Chalk  Waters  from  Deep 
Wells  in  Essex.    Id  pnrts  per  100,000. 
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There  is  another  aspect  of  the  question  which  has  been  touched 
upon  by  Mr.  Whitaker,  and  which  he  puts  as  follows:— "If  the 
view  is  right  which  I  am  induced  to  take,  or  indeed  if  any  view 
of  purely  local  origin  is  right,  one  would  expect  that  the  alkaline 
salts  should  decrease  by  continuous  extraction  of  the  water,"  and 
Mr.  Hay  ward  gives  some  evidence  to  that  eflfect.  He  says  that  "  the 
well  at  the  Harrow  Waterworks  was  sunk  with  such  care  to  exclude 
the  water  from  the  sands  ....  above  the  chalk,  that  there  can 
be  no  doubt  that  we  are  dealing  in  this  case  with  water  from  the 
chalk  alone/'  and  he  notes  the  following  general  results  of  analyses 
at  different  times,  adding  that ''  this  appears  to  show  a  progressive 
improvement  in  the  water." 

Iq  1868,  total  solid  contents  1,044.  Hardness  48*5  i 

In  1870  „  „            „  1,009.            „        44*4.' 

In  1873  „  „            „  981.            „        40"8. 

In  1883  „  „            „  884.            „        38*5  or  34-3  (?). 


Mr.  Hay  ward  also  I'emarks  that  "  it  would  be  interesting  to 
examine  whether  the  softening  [of  the  underground  water]  is 
regularly  progressive  as  the  water  passes  inwards  from  the  outci'op." 
That  this  is  the  case  seems  to  be  indicated  by  the  analyses  which 
were  arranged  by  Mr.  Hayward,  and  printed  in  Mr.  Whitaker's 
memoir,  when  these  analyses  are  grouped  as  follows  :— 


Group  A.- 
Group  B.- 
Group  C- 
Group  D.- 


-Waters  from  below  bare  chalk  in  Herts  and  Surrey. 
-Waters  from  below  covered  chalk  in  Kent  and  Surrey. 
-Waters  from  below  covered  chalk  in  Central  London. 
-Waters  from  below  covered  chalk  north  of  London. 


Group  A  includes  only  four  analyses,  but  they  are  fairly  repre- 
sentative ;  for  each  of  the  other  groups  I  have  taken  the  residts  of 
eight  analyses,  and  caJcidated  the  averages  of  the  several  ingredi- 
ents.   These  come  out  as  follows  :— 

KverdQc  contents  of  different  (/roups  of  \Vell  Waters  expressed  in  Parts 

per  100,000. 


Calcium 

Magnesium 

Sodium 

Potash 

Carbonic  acid 

Sulphuric  acid 

Chlorine 

Nitric  acid 

SiUca 

Organic  matter 

Totals 


Group  A. 

Group  B.  • 

Group  C. 

Group  D. 

10-62 

7*6 

2-25 

4-7 

•45 

1-27 

•8 

4-3 

1-12 

6-92 

23-5 

15-0 

— 

1-3 

6-2 

2-9 

15-25 

16-1 

21-7 

19-3 

-92 

7-36 

18-9 

18-8 

1-25 

3-4 

15-4 

9-5 

1-6 

— 

— 

— 

1-2 

ro 

1.6 

1-5 

1-67 

•9 

.5 

2-1 

34-08 

45-85 

90-85 

78-1 
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It  will  be  seen  that  the  contents  of  grouiJs  C  and  D  differ  greatly 
from  those  of  the  other  two,  and  do  not  differ  very  much  from  one 
another  except  in  the  proportions  of  sodium  and  chlorine,  there 
being  evidently  more  sodium  chloride  in  the  water  under  London 
than  in  the  area  further  north. 

Still  more  recently  Mr.W.W.  Fisher  has  written  on  this  subject* 
and  he  is  of  the  same  opinion  as  Mr.  Warington,  Mr.  Whitaker 
and  myself.  He  points  out  that  even  if  infiltration  from  the  sea 
were  possible  in  some  parts  of  Essex,  it  could  hardly  be  the 
explanation  at  Wokingham  in  Berkshire,  where  the  water  derived 
from  the  Chalk  is  markedly  alkaline  and  contains  as  much  as 
25  grains  per  gallon  of  chlorme  (in  chlorides). 

Mr.  Fisher  believes  that  all  the  sodium  salts  found  in  deep- 
seated  waters  from  the  Chalk  of  the  London  Basin  have  been 
derived  from  the  soluble  salts  retained  bv  and  occluded  in  the 
mass  of  the  Chalk,  and  have  been  gradually  taken  up  into  solu- 
tion by  the  percolating  water  in  its  progress  from  the  marginal 
outcrops  of  the  Chalk  into  the  central  parts  of  the  Basin.  He., 
thinks  that  during  this  progress  "the  proportion  of  alkaline 
carbonates  will  gradually  increase,  and  as  it  increases  the  calcium^ 

salts  will  diminish  until  mere  traces  only  are  left 

The  amount  of  calcium  carbonate  in  solution  will  ultimately 
depend  on  the  amounts  of  carbonic  acid  in  the  water  availabfe^ 
as  a  solvent,  so  that  some  of  the  alkaline  chalk-waters  are  harder- 
than  others  for  this  reason." 

In  order  to  test  the  existence  of  sodium  salts  in  the  Ch^^lk 
itself,  he  obtained  samples  of  Chalk  taken  from  the  boring  at 
Meuxs  Brewery,  in  Tottenham  Court  Road,  and  analysed  that 
taken  from  a  depth  of  500  feet  with  the  follo>ving  results :— 

93  90 
4*20 

*r>o 

•70 

•28 

•20 

•03  r 

•19 


(Jalcium  as  carbonate 
Silica  (including  soluble  silica) 
Iron  oxide  ( with  Pa  O5  ) 
Magnesium  carbonate 
Sodium  sulphate 
Sodium  chloride 
Sodium  carbonate 
Water  and  loss 


lOO^OO 


\ 
I 


"  On  Alkaline  Waters  fron^  the  Chalk,"  The  Analyst  (August,  1901), 
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APPENDIX  I.— PALiEONTOLOGY. 

A.-^RinCAL  REMARKS  ON  SOME  SPECIES  OF 

F0SSII5. 

By  E.  T.  Newton  and  A.  J.  Jukes-Bbowne. 

Cephalopoda. 

AcnNOCAMAX  LANCEOLATUS,  SoW. 

1829.    Belemnites  lanceolatuB,  Sow,    Min.  Con.,  pi.  600,  figs,  8,  0. 
non  Belemnites  lanceolatus,  Schloth,    Petref.,  p.  49,  No.  8. 

The  Belemnite  figured  by  Sowerby  under  the  name  of  lanceolcUus 
seems  to  have  been  overlooked  by  most  writers,  and  specimens 
have  hitherto  been  generally  regarded  as  a  variety  of  Belemnites 
plenus,  Blainv. 

It  is  true  that  the  yoimg  forms  of  Bel,  (Actinocamax)  plenua  are 
not  inflated  like  the  adult  individuals,  but  are  narrow  and  not 
unlike  the  species  figured  by  Sowerby,  but  Sowerby's  types  came 
from  the  Chalk  Marl  of  Hamsey,  and  specimens  with  imquestion- 
ably  the  same  form  occur  not  unfrequently  in  the  Chalk  Marl  of 
FoUcestone  and  in  the  Tottemhoe  Stone  of  Bedfordshire  and 
Cambridgeshire,  whereas  typical  inflated  examples  of  Actinocamaa: 
plemis  have  never  yet  been  obtained  from  the  zone  of  Ammonites 
varians.  The  Chalk  Marl  form  is,  moreover,  rather  stouter  for 
its  length  and  has  its  sides  more  continuously  immllel. 

As  it  is  an  Actinocamax  and  not  a  Bdernnitella,  and  as  the  former 
is  now  recognised  as  a  distinct  genus,  it  can  retain  the  specific  name 
given  to  it  by  Sowerby.  SharjDe  (Pal.  Soc.,  Chalk  Cephalopoda) 
confused  this  form  with  the  true  Act.  pleniis  (Blainv.). 

Actinocamax  Toucasi,  Janet. 

1891.    Actinocamax  Toucasi,  Janet    Bull.  Soc.  G^l.  Fr.,  Ser,  iii., 
Vol.  xix.  p.  719. 

This  species  has  been  identified  by  Mr.  G.  C.  Crick  from  a  specimen 
in  Dr.  Blackmore's  collection  obtained  from  Hamham,  near  Salis- 
bury. It  resembles  Act,  plenus  in  many  respects,  having  somewhat 
similar  swelling  outlines,  but  is  wider  laterally  than  from  front  to 
back,  while  in  Act.  plemis  the  reverse  is  the  case. 

The  type  was  obtained  from  the  base  of  the  Act.  qtuidratus  zonQ 
in  Ffi^nee,  and  the  Salisbiuy  specimei^  ia  from  the  same  zone. 
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Gasteropoda. 

SCALARIA   DBCX)RATA,   VAR.   FASCIATA,   Eth.. 

1841.     MelaaLi  decora ta,  lioemery    Nordd.  Kreidegeb.,  p.  82,  Taf. 
12,f.  11. 

1843.    Fusus  costato-strmtiis,  Munster  in  Goldf,    Pet.  Germ,  iii., 
p.  23,  Taf.  171,  f.  18. 

1845.    Turrilites  imdulatus,  ReusSj  Bohm.  Kreidef.  i.,  Taf.  7,  figs. 

8,  9. 
1850.    ScaLiria  decorata,  Sc.  siibundulata,  and  Sc.  costato-striata 

in  d'Orbifjnys  Prodrome  ii.,  p.  217. 

1872-75.  Scala  decorata,  Geinitz.     Elbthalg.  in  Sachscn,  ii.,  p.   162, 
Taf.  29,  fig.  4. 

1881.    Scalaria  fasciata,  Etheridge  in  MeuL  Geol.  Survey.    Qeology 
of  Cambridge,  p.  140,  pi.  1,  f.  1, 

The  above  synonomy  of  Scalaria  decorata  is  that  given  by 
Geinitz  in  the  work  quoted,  he  ha\'ing  reason  to  consider  that  the 
shells  which  d'Orbigny  mentioned  in  his  Prodrome  imder  the 
names  of  S.  decorata,  S.  subundvlata,  and  S.  striato-costa^tus  are 
really  the  same  species  in  different  states  of  preservation. 

Specimens  from  the  Tottemhoe  Stone  of  Burwell  were  described 
and  figured  by  Mr.  Etheridge  in  1881  under  the  name  of  Sc.  fasciata, 
and  he  remarks  their  close  resemblance  to  the  Fusus  costal 
striatus  of  Mttnster,  but  thinks  they  differ  in  two  respects,  (1)  in 
possessing  a  cord-like  band  at  the  suture,  (2)  in  having  more 
ventricose  whorls ;  but  the  figure  given  by  Greinitz  has  even  more 
ventricose  whorls  than  the  Burwell  specimens,  and  the  sutural 
Ixmd  is  hardly  of  sufficient  prominence  to  differentiate  a  species. 
The  shell  seems  to  agi'ee  in  all  other  points  with  the  Scalaria 
decorata  as  described  by  Geinitz,  and  so  it  is  proposed  to  regard 
the  English  af)ecimens  as  a  variety  of  that  species. 

Lamellibranchiata. 

Inoceramus  latus,  Manl,  (non  d'Orb.), 

1822.    Inoceramus  latus,  Mant.    Foes.  South  Downs,  Tab.  27,  f.  10. 

1828.     Inoceramus  latus.  Sow,    Min.  Con.,  Tab.  582,  f.  1. 

1840.  ]  Inoceramus   planus,  Miinst,  in  Gol(Hf.  Pet.  Germ.,  Taf. 
113,  f.  1. 

non    Inoceramus  latus,  Gold^,  nee.  d!Orh, 

non    Inoceramus  latus,  var.  reachensis,  Eih. 

Mantell  in  describing  this  large  species  (Op.  cit.  p.  216)  says  that 
it  equals  Inoc.  Gumeri  in  length  and  width,  but  is  depressied  and 
destitute  of  the  prominent  costae  which  distinguish  that  species. 
He  also  remarks  that  it  is  "  common  in  the  Upper  Chalk  near 
Brighton,  Lewes,  Offham,  etc." 

Sowerby  gives  a  good  figure  showing  an  oblique  shell  with  a 
straight  hinge  line  and  uniform  undulations,  obtained  "  from  the 
Upper  Chalk  near  Swafl'ham  in  Norfolk.'* 
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It  is  quite  certain,  thferefore,  that  the  original  types  of  Inoc,  latua 
were  found  in  the  Upper  Chalk,  or  at  any  rate  in  the  "  chalk  with 
flints,"  and  neither  Mantell  nor  Sowerby  say  anything  about  its 
occurrence  in  the  "  chalk  without  flints  "  or  in  the  Chalk  Marl. 

There  is  no  doubt  that  shells  agreeing  fairly  well  \\ith  the  figures 
given  by  Mantell  and  Sowerby  do  occur  in  the  Upper  Chalk,  and 
also  that  by  some  authors  they  have  been  WTongly  referred  to  Inoc. 
Cripsi.  This  latter  is  distinctly  stated  by  Mantell  to  be  a  Chalk 
Marl  form  found  at  Ringmer,  Hamsey,  and  Ofl'ham.  The  name 
Iiwc.  latus  must  therefore  be  retained  for  the  Upper  Chalk  form. 

Inoceramus  latus,  Goldf.  (non  Mant.). 

1840.    Inoceramus  latus,  Goldf,    Pet.  Germ.,  Tab.  112,  f.  6. 

1846.    Inoceramiis  latus,  dVrb,   Pal.  Fr.,  Terr.  Cr^t,  pi.  408,  f.  1,  2. 

1881.     Inoceramus    latus,  var..  reachensiB,    Etheridgey   in    Mem. 
Geol.  Surv.,  Geology  of  the  Neighb.  of  Cambridge,  pL  1,  f.  3. 

non    Inoceramus  orbicularis,  Miinstj  in  Goldf.y  pi.  113,  f.  2. 

non    Inoceramus  orbicularis,  SMiitery  Zur  Gattung  Inoceranus, 
Palseontographica,  Vol.  xxiv.  1877,  p.  260. 

Query  Inoceramus    Cripsii,    Mant,     Foss.     South  Downs,    Tab. 
27,  f.  11. 

The  shell  identified  by  Groldfuss  with  the  Inoceramus  latus  of 
Mantell  is  stated  to  occur  in  the  "  grey  chalk  and  greensand  of 
Westphalia,'*  and  was  therefore  probably  obtained  from  beds 
equivalent  to  our  Lower  Chalk. 

D'Orb'gny*s  figure  of  Inoc,  latus  is  so  like  that  of  Groldfuss  that 
it  might  have  been  copied  from  the  latter,  and  it  appears  among 
his  Cenomanian,  and  not  with  his  Senonian  species.  He  refers  to 
MantelFs  figure,  but  does  not  seem  to  have  compared  French  and 
English  s|Decimens,  while  his  figure  bears  very  little  resemblance 
to  Manteirs,  which,  as  ah'eady  stated,  was  a  species  fix)m  the  Upper 
Chalk  not  the  I^ower  Chalk. 

Schltlter  in  1877  attempted  to  settle  the  synonomy  of  the 
Cretaceous  In^cenimi,  but  not  very  successfully.  He  thought  that 
Manteirs  name  should  be  abandoned,  and  that  the  Inoc.  orbicvlaris 
of  Mtlnster  (in  Goldfuss)  was  the  same  species  as  the  shells  figured  by 
Goldfuss  and  d'Orbigny  under  the  name  of  /.  UUus,  so  he  proposes 
to  use  the  name  /.  orbicularis.  This  view  was  adopted  by 
Pmfessor  Barrois  (Ann.  Soc.  Gr^ol.  Nord.,  t.  v.  p.  357). 

AVe  can  agree  with  Schltlter  and  Barrois  in  believing  that  the 
shell  found  in  the  zone  of  Ammonites  varians  may  be  identified 
with  the  form  figured  by  Goldfuss  and  d*Orbigny  under  the  name 
of  In,  latuSj  and  also  agree  with  them  that  it  caiinot  continue  to  bear 
that  name ;  but  we  are  quite  xmable  to  regard  the  In,  orbicularis 
of  Mtlnster  as  the  same  species. 

It  is  worthy  of  note  that  in  a  list  of  Sussex  fossils  drawn  up  by 
Mantell  in  1828  (Geol.  Trans.,  Ser.  2,  Vol.  iii.  p.  201),  he  separated 
those  of  the  "  Chalk  Marl "  from  those  of  the  "  Lower  and  Upper 
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Chalk,"  and  in  this  Ust  the  only  Inocerami  mentioned  as  Chalk 
Marl  species  are  /.  Cripsi  and  /.  tenuis.  Further,  some  of  the 
irregular  varieties  of  the  Chalk  Marl  shell  moi*e  closely  resemble 
the  figure  of  /.  Cripsi  in  Mantell's  "  Fossils  of  the  Soutib  Downs  " 
than  that  of  /.  latus  in  the  same  volume,  and  we  think  it  very 
probable  that  the  Cenomanian  and  Lower  Chalk  form,  which  1m« 
hitherto  been  known  as  /.  UUuSy  will  prove  to  be  really  /.  Cripsi. 

Inockramus  pictfus,  Saw. 

Inoceramus  pictus,  Sow.    Min.  Con.,  Tab.  604,  f.  1. 
1  Inoceramus  cuneiformis,  (TOrh,    Pal.  Fr.,  Terr.  Cr^t.,  pi.  407. 

We  desire  to  call  attention  to  the  Inoc,  pictus  of  Sowerby  because 
it  seems  to  be  a  form  which  has  escaped  attention  in  England.  It 
is  elongate  and  sti*aight,  not  oblique,  like  /.  mytilaideSy  the  anterior 
side  is  rather  flat  and  smooth,  and  the  valves  are  neai'ly  equal  and 
equally  inflated.  The  type  specimen  bore  longitudinal  radiating 
bands  of  brownish  colour,  and  is  stated  to  have  come  from  the 
Chalk  Marl  of  Guildford.  The  figure  of  d'Orbigny's  /.  cuneiformis 
much  resembles  /.  pictus,  but  we  have  not  seen  any  French 
specimens,  and  to  identify  them  it  would  be  necessary  to  compare 
the  types.  A  specimen,  however,  found  by  the  Rev.  W.  R. 
Andrews  near  Westbury,  in  Wiltshire,  resembles  the  figures  of 
both  forms  and  might  be  identified  with  either. 

Lima  aspeba,  Mant. 

1822.    Plagioetoma  aspera,  ManUlL    Qeol.  Sussex,  p.  129,  pi.  26, 
f.  18. 

1846.    Lima  plana,  Reuu  (non  Roemer).    Bohm.  Kreidef.,  p.  35, 

Taf.  38,  f.  20. 

non    Lima  aspera  of  Goldfuss,  d'Orhigny,  nee  Reus9, 

The  true  lAvui  aspera  is  foxmd  in  the  Chalk  Marl  of  southern  and 
central  England  and  in  the  Tottemhoe  Stone.  It  has  never  yet 
been  well  figured  and  distinguished  from  the  species  confused  with 
it  by  Groldfuss  and  d'Orbigny ;  but  a  figure  of  it  has  been  given  in 
Vol.  II.,  p.  30,  of  this  memoir. 

The  followin'g  is  the  description  given  by  Mantell :  "  56.  PiagiO' 
stoma  (?)  aspera.  Tab.  xxvi.  fig.  18.  Subdopressed,  obovate,  with 
numerous  longitudinal  aculeated  sulci." : — 

"To  the  naked  eye  this  shell  appears  as  if  marked  with  smooth,  longi- 
tudinal striae,  but  conveys  a  sensation  of  roughness  to  the  touch.  With 
the  assistance  of  a  lens,  the  striae  are  perceived  to  be  sulci  [i.e.  grooves] 
dividing  the  surface  into  flat  ribs,  the  edges  of  which  are  fringed  with 
minute  sharp  points. 

•*  It  has  a  few  irregular  lines  of  growth :  the  structure  of  the  hinge 
is  not  shown  in  any  of  the  specimens  in  my  possession. 

**  This  shell  bears  considerable  resemblance  to  Lima  spathul^  of  Lamarck. 
**  Localities  :  liamsey,  Stoneham  :  rare." 
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Lima  plana  of  Beuss  seems  to  be  the  same  form,  but  the  TAma 
aspera  of  Reuss,  Bohm,  Kreidef  ii,  p.  34,  Taf.  38,  f.  17,  which  is  a 
species  with  angular  indentations  forming  a  series  of  concentric 
ridges,  is  not  the  same,  neither  is  the  aspera  of  Goldfuss  (Pet.  Grerm., 
pi.  104,  fig.  4)  and  probably  not  the  L.  aspera  of  d'Orbigny  (Pal. 
Franc,  pi.  425,  figs.  3-6)  which  is  an  Upper  Chalk  form. 

Lima  elongata,  Sow. 

1822.    Plagiostoma,  Mant    Foss.  South  Downs,  Tab.  19,  fig.  1. 
1827.    Plagiostoma  elongatum,  Sowerby.    Min.  Con.,  pi.  559,  fig.  2 

(lower  figure  only). 
1841.    Plagiostoma  elongatum,  Roemer.    Nordd.  Kreidegeb.,  p.  56. 

1846.  Lima  elongata,  Reuss.    Bohm.  Kreidef.  ii.,  p.  33,  Taf.  fig.  6 

(not  fig.  9). 

1847.  ?Lima  Astieriana,  dCOrhigny.    Pal.  Fr.,  Terr.  Cr^t.  iii.,  pi.  420, 

f.  4-7. 
1850.    Lima  Reussii,  d'Orbigny,    Prodr.  ii.,  p.  249. 
1872.    Lima  elongata,  GeiniU,    Elbthalg.  in  Sachsen  ii.,   p.  40, 

Taf.  9,  figs.  9,  10. 

Mantell's  figure  was  that  of  a  cast  from  the  Chalk  Marl  of  Hamsey , 
but  in  his  list  of  Sussex  fossils  (Trans.  Geol.  Soc.  Ser.  2,  Vol.  iii.  p. 
208)  he  refers  to  it  and  to  Sowerby's  figure  as  those  of  Plagiostoma 
elongatum  giving  Hamsey  and  Folkestone  as  localities. 

Sowerby's  original  description  was  as  follows :  "  Shell  obliquely 
elliptical,  convex,  costated;  costae  few,  distinct,  rounded;  hinge- 
line  short.  The  costae  are  about  15  or  16,  prominent,  rounded,  and 
smooth."  One  of  his  specimens  we  take  to  be  Lim^  parallela  (see 
Vol.  i.  p.  449),  and  this  is  in  a  dark  green  matrix,  which  might  be 
that  of  the  Am.  mximmillatus  zone  or  of  the  Stauronema  zone  at 
the  base  of  the  Chalk  Marl.  It  is  stated  by  Sowerby  to  have  come 
from  the  "  Upper  Greensand  "  of  Folkestone.  The  other  specimen, 
which  we  regard  as  the  type  of  L.  dongata,  came  from  the  Chalk 
Marl  of  Hamsey. 

We  think  it  most  probable  that  the  foreign  forms  included  in  the 
above  synonomy  are  the  same  species,  but  until  a  comparison  of 
specimens-  with  the  English  type  can  be  made  this  must  remain 
uncertain.  We  may,  however,  remark  that  many  English  specimens 
have  about  twenty  ribs,  a  variable  number  of  small  ribs  coming  in 
on  each  side,  and  in  some  specimens  the  ribs  are  more  or  less 
roughened  by  small  tubercles,  such  specimens  resemble  L, 
astieriana^  which  is  described  as  having  twenty-two  ribs. 

Spondylus  latus.  Sow, 

1814.    Dianchora  lata,  Sowerby,    Min.  Con.,  pi.  80,  f.  2. 
1822.    Dianchora  obliqua,  Mantell,    Geol.  Sussex,  p.  206,  pi.  25, 
f.  1,  and  pi.  26,  f.  12. 
1334-^0.    Spondylus  lineatus,  Goldfuss.    Pet.  Germ,  ii.,  p.  97,  Taf. 

106,  f.  3. 
U872.    Sp.  latus,  GeiniU,    Elbthalg.  in  Sachsen,  I.,  p.  187,  Taf.  42, 
figs  4-6  where  a  full  synonomy  b  given,  and  II.,  Taf.  8, 
figs  18-21. 
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Geinitz  in  the  lastrinentioned  work  thinks  that  a  oompariaon  of 
the  figures  given  by  Mantell,  Dixon,  and  Goldfuss  of  the  shelb 
known  as  B,  lotus,  D.  Miquvs,  and  S,  lineatus  will  leave  little 
doubt  of  their  all  belonging  to  one  species.  With  this  remark  one 
can  hardly  agree,  for  Mantell's  figures  are  not  good  enough  to 
compare  with  any  others,  but  it  may  certainly  be  doubted  whether 
Mantell's  D.  Miqua  is  more  than  a  variety  of  Sowerby's  D.  lata. 
Dixon's  figure  of  Sp.  latus  does  not  show  the  upi)er  valve,  but 
Sowerby's  figure  and  description  agrees  sufficiently  with  that  of 
Goldfuss'  8p.  lineatus  as  to  make  it  very  probable  that  they  are 
the  same  species ;  moreover  Goldfuss  records  his  Sp.  lineatus  from 
"  the  white  chalk  of  Lewes  in  England."  [Since  the  above  was 
written  the  above  synonomy  has  been  adopted  by  Mr.  H.  Woods 
in  his  Monograph  on  British  Cretaceous  Lamellibranchia.] 

The  shell  was  alwa)rs  broadly  attached  by  the  lower  valve,  only  a 
narrow  edge  generally  rising  from  the  surface  of  attachment ; 
consequently,  both  valves  were  greatly  dependent  on  this  surface 
of  attachment  for  the  form  they  took,  and  great  variaHlity  is  the 
result. 

OSTREA  CANAIJCULATA,  Sow, 

1813.    Chama  canaliculata,  Sow.    Min.  Coq.,  pi.  26,  f.  1. 

1827.    Ostrca  lateralis,  Nihsou.     Petrefac.  Suecana,  1827,  p.  29, 
pi.  7,  fig.  7-10. 

1843.    Ostrea  canaliculata,  d'Orh.    Pal.  Fr.,  Terr.  Cr^t.,   pi.  471, 
f.  4-8. 
non    Ostrea  canaliculata.  Sow.    Min.  Con.,  pi.  135. 

Sowerby  figured  in  1813  under  the  name  of  Chama  canaliculata 
a  siliceous  shell  from  the  Upper  Greensand  of  Chute,  and 
the  same  form  extends  into  the  lower  part  of  the  Chalk. 

This  shell  is  known  on  the  Continent  as  Ostrea  laleralis,  but  t  is 
also  generally  admitted  to  be  identical  with  the  Chama  canalicul^Ua 
of  Sowerby.  In  1816  (Min.  Con.,  pi.  135)  Sowerby  descrbed  a 
diflferent  shell  under  the  name  of  Ostrea  canalicidala,  but  as  thev 
both  belong  to  the  genus  Ostrea,  it  is  clear  that  the  specific  name 
must  be  applied  to  the  first  of  them,  and  consequently  Nilsson's 
name  becomes  a  synonym.  It  was  rightly  described  by  d'Orbigny 
in  1848  under  the  name  of  Ostrea  canaliculata. 

The  shell  figured  by  Sowerby  in  1816  (Min.  Con.,  pi.  135)  is 
almost  certainly  identical  with  that  figured  by  Nilsson  in  1827  as 
0.  luaiata,  and  as  it  cannot  bear  the  name  of  canaliculata,  Nilsson's 
name  of  0.  lunata  is  here  used 

OSTRKA  LUNATA,  NUsS. 

1816.    Ostrea  canaliculata,  Sow.    Min.  Con.,  pi.  135,  fig.  1. 

1827.    Ostrea  lunata,  Nilss.     Petrefac.  Suecana,  p.  31,  pi.  6,  fig.  3. 

1834.    Ostrea  lunata,  Goldf.    Petrefac.  Germ.,  p.  11,  pi.  75,  fig.  2. 

nonyOstrea  larva,  (TOrb.     Pal.  Fr.,  Terr.  Cr^t.,  p.  740,  pi.  486, 
figs.  4-^. 
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Sowerby  in  the  year  1816  figured  a  small  Ostrea,  "  from  the 
Ciialk  cliff  at  Mundesley,  near  Cromer,"  under  the  name  of  0. 
canalicidata  (Min.  Con.,  PL  135).  This  form  we  are  familiar 
with  from  the  Trimingham  Chalk,  which  belongs  to  the  same 
zone  as  that  alluded  to  by  Sowerby.  Unfortunately,  the  name 
had  already  been  used  as  stated  above,  and  seeing  that  the  form 
figured  as  0.  lunata  by  both  Nilsson  and  Goldf uss  is  almost  certainly 
the  same  species,  we  adopt  that  name. 

M.  H.  Coquand  (Monog.  Genre  Ostrea  Terr.  Cr^t.  1869,  p.  58) 
has  included  these  forms  together  with  the  0.  larva  of  Lamarck, 
Goldfuss  and  d'Orbigny  under  Schlotheim's  name  of  0.  ungvlata, 
and  the  latter,  no  doubt,  will  have  priority  if  M.  Coquand's  synonymy 
be  correct ;  but  we  think  there  is  grave  doubt  as  to  the  0,  larva 
of  d*Orbigny  and  of  Goldfuss  being  the  same  species  as  that  we 
here  call  0.  lunata,  and  prefer,  therefore,  for  the  present,  to  keep 
them  distinct. 

Ostrea  hippopodium,  NUss, 

1827.    Ostrea    hippopodium,    Nilsson.     Petref.    Suecana,    p.  30, 
Taf.  7,  f.  1. 

134  3.    Oitrea  hippopodium,  dVrb.     Pal.  Fr.,  Terr.  Cr^t.,  p.  731, 
pi.  482. 

The  forms  of  Ostrea  which  we  refer  to  this  species  are  of  the  type 
shown  in  the  figures  above  noticed.  To  enter  upon  the  synonymy 
of  this  species  would  require  much  time  and  a  large  number  of 
continental  as  well  as  British  specimens.  Those  who  have  most 
closely  studied  the  Cretaceous  forms  of  Ostrea  are  by  no  means 
agreed  in  this  matter,  as  a  comparison  of  the  S}rnonymy  of  this 
species  given  by  Coquand  (Monog.  Genre  Ostr€»  Terr.  Cr^t.,  p. 
100  and  146, 1869)  and  by  Geinitz  (Elbthalg.  in  Sachsen  i.,  p.  1^7^ 
1871-1875)  will  show. 

Ostrea  semiplana,  Sow. 

1825.    Ostrea  semiplana.  Sow.    Min.  Con.,  pi.  489,  fig.  3. 

1833.  Ostrea  inaequicoeta,  Woodw.    OecL  Norfolk,  pL  6,  f.  4. 

The  following  are  pi'obably  referable  to  the  same  species : — 

1803.    Ostracilis  sulcatus,  Blum.    Spec.  Arch.  Tell.,  pi.  1,  fig.  3. 

1834.  Ostrea  flabelliformis,  GMf.    Petref.  Germ.,  pi.  76,  fig.  1. 
1843.    Ostrea   semiplana,  d'Orb.     Pal.  Fr.,  Terr.  Cr^t.,  pi.  488, 

fig.  45. 

To  what  extent  the  synonyms  given  by  Coquand  and  Geinitz  may 
be  correct  we  are  not  in  a  position  to  determine,  but  there  are  some 
of  them  with  which  we  cannot  agree.  The  name  of  0.  suUxLtv^  was 
used  by  Born  in  1780  (Cat.  Testae.,  etc.,  1780,  pi.  vii.,  fig.  3,  p.  103), 
and  consequently  Blumenbach*s  use  of  this  same  name  for  an  oyster 
that  may  be  Sowerby's  0.  semiplana  cannot  be  adopted. 

0.  semiplana  occurs  in  the  Middle  and  Upper  Chalk  and  rangen 
from  the  2X>ne  of  Terdyratidina  to  that  of  Bdemnitdla  mucronatu. 
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Pecten  robinaldinus,  var.  rotomagensis,  dVrb. 

1846.  Pecten  rhotomagensis,  dCOrhigny,   Pal.  Fr.,  Terr.  Oet.,  p. 

609,  pi.  436,  figs.  9-11. 

1847.  Pecten  subinterstriatus,  d'Arch,    Mem.  Soc  Q^ol.  de  France, 

Ser.  II.,  Tom.  II.  p.  311,  pi.  16,  f.  10. 

1850.    Pecten  rhotomagetisis,  d'Orh,    Prodr.  11.,  p.  169. 

1872.    Pecten  rhotomageiisis,  GeiniU,      Elbthalg.  in  Sachacn,  I.  p. 
196.     Taf.  42,  f.  20,  and  Taf.  44,  f.  8. 

If  these  species  are  identical  d'Orbigny's  name  has  the  priority. 
D'Orbigny  in  his  **  Prodrome  "  identifies  d'Archiac's  species  with 
his  own,  and  (xeinitz  in  1872  accepted  this  identification.  The 
shells  are  certainly  closely  allied,  and  they  occur  in  beds  of  the  same 
age ;  the  main  diflierence  between  the  figured  specimens  consisting 
in  this  that  P.  suhinterstriatushBS  oblique  striae  plainly  visible  all 
over  the  shell,  whereas  in  P.  rotomagensis  these  striae  only  occur  near 
the  edge  of  the  shell,  especially  at  the  sides.  A  minor  difference  is  that 
in  the  former  the  grooves  are  fairly  straight  and  regular,  in  the 
latter  they  are  very  irregular  and  often  disturbed  by  the  concentiic 
hnes  of  growth. 

Geinitz'  figures  agree  more  closely  with  that  of  d'Orbigny  than 
that  of  d*Archiac.  A  specimen  obtained  by  Mr.  W.  Hill  from  the 
Cenomaiiien  of  Lti  Ileve  agreed  with  the  t\  pej  of  d'Orbigny  and 
Geinitz,  while  mo.^t  of  those  from  the  Cenomaiiian  of  Devon  and 
from  the  highest  part  of  our  Upper  Greensand  more  resemble  the 

P.  subinterstriatus  of  d'Archiac.    Some,  however,  from  Devon  are 
unquestionably  like  P.  rotomagensis. 

We  agree  ^vith  ilr.  Woods  in  thinking  that  this  form  is  only  a 
variety  of  the  very  variable  species  for  which  he  adopts  the  name 
of  P.  robinaldinvs,  d'Orb. 

UnICARDIUM  RINGMERIEN'SK   M^nt, 

1822.    Venus?    Ringmeriensis,    Maniell.     Geol.    Sussex,  p.    126, 
pi.  25,  f.  5. 

1840.    Cucullsea  Rcemeri,  Geinitz.     Charact.  der  Sch.  II.  p.  50, 

Taf.  10,  f.  10,  11  ;  Taf-  20,  f.  15. 
1846.    Area  (Cucullsea)  Rcemeri,  Beuss,    Bohm.  Kreidef.  II.  p.  13, 

Taf.  34,  figs.  41,  42. 

1850.    Area  Rcemeri,  d'Orbigny.    Prodr.,  p.  244. 

1854.     Unicardium  Ringmerienae,  Morris,    Cat.  Brit.  Foss.,  p.  229. 

18G4.    Fimbria  coarctata,  Zittel.    Bivalven  der  Gosaugeb.,  p.  45, 
Taf.  7,  f.  5. 

1872    IMutiella  Ringmerensis,  Geinitz,      Elbthalg.  in  Sachscn  II. 
p.  61,  Taf.  16,  figs.  11-13. 

This  shell  is  generally  known  in  England  under  the  name  of 
Unicardium  ringm^riejisef  but  the  above  synonymy  will  show  that 
it  has  Ijeeii  referred  to  several  genera.  The  adult  form  was  fii'st 
described  and  figured  by  Mantell,  but  has  never  teen  figured  in 
Ei {gland  since.    The  German  synonymy  is  taken  from  Geinitz, 
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who  in  1872  identified  his  Cvjcullma  Rosmeri  with  Mantell's  shell, 
giving  at  the  same  time  three  good  figures  of  difEerent-sized 
specimens. 

Geinitz  regarded  the  Corbis  rotundata  of  d'Orbigny  as  the  same 
species,  but  so  far  as  we  can  judge  from  casts  of  C.  rotundata  from 
the  Cenomanian  of  Prance,  Geinitz  is  mistaken  in  this  supposition. 

The  genus  Mutidla  was  founded  in  1870  by  Stoliczka  (Cret. 
Fauna  of  S.  India,  m.,  p.  248). 

Echinodermata. 

PSEUDODLADEMA  BbONGNIARTI,  Ag. 

1840.    Tetragramma  Brongniarti,  Ag.    Desc.  d.  Ech.  foss.  de  la 
Suisse.    Tome  ii.  p.  25,  pi.  14,  fig.  4-6. 

1856.    Diadema  Brongniarti,    S,  P,  Woodward.    Mem.  Geol.  Surv. 
Dec.  5,  pi.  2,  p.  9. 

1868.    Pseudodiadema  Brongniarti,  Wright.    Pal.  Soc.,  Brit.  Pass. 
Echin.  Cret.  pi.  21a,  fig.  2  (Woodward's  type). 

non      Wright.    Loc.  cit.  pi.  20,  fig.  2  nee  pi.  2 Id,  fig.  3. 

Dr.  S.  P.  Woodward  referred  an  Echinoderm  in  the  British 
Museum,  from  the  Chalk  Marl  of  Dover  to  Diadema  Brongniarti, 
Ag.,  and  Dr.  Wright  figured  the  same  specimen  in  his  monograph 
of  the  Cretaceous  Echinodermata  (pi.  21a,  fig.  2).  The  close 
resemblance  which  this  species  bears  to  P.  variolare  is  generally 
acknowledged,  and  we  have  doubted  the  occurrence  of  the  true 
P.  Brongniarti  in  this  country ;  but  Dr.  S.  P.  Woodward's  type 
has  the  ambulacra  in  single  pairs  from  the  mouth  to  the  ambitus 
and  thence  bigeminal  to  the  highest  part  of  the  test.  It  thus  differs 
from  P,  variolare  in  which  the  ambulacra  are  trigeminal  around  the 
mouth  and  bi-  or  tri-  geminal  above.  The  higher  test  of  P.  Brong- 
niarti is  a  character  not  easy  to  appreciate  when  comparing 
variable  urchins.  For  the  above  reasons  we  follow  Dr.  Woodward 
in  accepting  P.  Brongniarti  as  occurring  in  the  Chalk  Marl  of 
Dover ;  but  we  are  unable  to  accept  any  other  of  Dr.  Wright's 
figures  as  referable  to  this  species. 

They  do  not  agree  with  the  figures  or  the  description  given  by 
Agassiz,  nor  do  they  agree  with  two  examples  of  the  true  Ps. 
Brongniarti  kindly  sent  to  one  of  us  by  M.  Loriol-Lefort.*  Agassiz 
says  that  Ps.  Brongniarti  resembles  Ps.  variolare,  but  is  more 
inflated  and  less  depressed;  the  rows  of  secondary  tubercles  are 
much  less  apparent,  the  base  of  the  tubercles  is  large  and  the 
mamelon  small ;  the  pores  are  in  single  pairs.  To  which  we  may 
add  that  in  Ps.  Brongniarti  the  principal  rows  of  tubercles,  i.e., 
two  on  the  ambulacral  and  four  on  the  interambulacral  ai'eas  are 
nearly  equidistant  from  each  other,  imparting  a  very  regular  appeai'- 
ance  to  the  test. 

*  These  specimens  are  now  in  the  British  Museum  at  South  Kensington. 
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PSEUDODIADEMA  MaCKIKI,  S,  P.  Woodw. 

1850.    Diadema  Mackiei,  S.  P.  Woodtvard,    Mem.  GecL  Suney, 
Dec.  6,  pi.  2,  p.  9. 

18G8.    Pfloudodiadema  Brongniarti,  Wright.    Pal.  Soc.  Brit.   Foss- 
Echin.  Cret.,  pi.  20,  fig.  2,  and  pi.  21s,  fig.  3. 

In  1856,  Dr.  S.  P.  Woodwai'd  described  a  new  series  under  the 
name  of  Diadema  Mackiei  in  the  following  terms :  "  Inflated 
depressed ;  lat.  24  lines ;  oral  opening  deeply  sunk,  lat.  6  lines ; 
apical  opening  pentagonal,  7J  lines ;  ambulacral  pores  crowded 
above ;  primary  tubercles  not  diminishing  sensibly  above  but 
decreasing  regularly  below ;  ambulacral  tubercles  in  two  rows  of 
seventeen  eadi,  at  wide  intervals  above,  the  rows  separated  by  a 
continuous  granulated  space;  interambulacral  tubei'cles  in  six 
principal  rows,  bordered  at  the  circumference  by  accessory  i"ows, 
the  central  space  wide,  granulated  and  tul^ei-cidated,  becoming 
bare  and  channelled  above.  Spines  slender,  solid,  finely  striated. 
Locality,  Grey  Chalk,  Dover  (Coll.  S.  J.  Mackie  and  Bowerbank)." 

He  also  states  that  a  specimen  in  Mi*.  Bowerbank's  collection 
measures  2\  inches  across. 

Dr.  Wright  in  the  Pateont.  Society's  monogi'aph  does  not  refer  to 
this  species,  but  some  of  the  specimens  which  he  refers  to  Ps,  ilrong- 
niarti  on  Plates  20  and  21b  agi'ee  very  closely  with  the  description 
of  Ps,  Maddei,  and  differ  greatly  from  the  true  Ps,  Brongniarti 
which  we  have  already  described.  Specimens  agreeing  with  these 
figures  and  with  Woodward's  description  are  not  uncommon  in  the 
Chloritic  Marl,  in  the  nodule  bed  at  the  base  of  the  Chalk  near 
Chard,  and  in  other  parts  of  the  Lower  Chalk.  We  are  disposed 
therefore  to  regard  them  as  referable  to  Ps.  Mackiei  and  not  to 
Ps.  Brongniarti. 

CiDAKis  SoRiGNETi,  Desor. 

1858     Cidaris  Sorigneti,  Desor.    Syn.  d.  Echin,  foes.   p.  446,  pi. 
6,  fig.  16. 
1862-67.    Cidaris  Sorigneti,  Coticau.    Pal.  Fr.,  Terr.  Cr^t.,  Tome  vii., 
p.  237,  pi.  1050,  fig.  9-14. 

1871.    Cidaris  Sorigneti,  Geiniiz.    Elbthalg,  in  Sachsen,  p.     68.  pi. 
15,  fig.  1-19. 

This  species  is  a  near  relation  of  Cidaris  davigera,  and  it  is  pro- 
bable that  its  spines  have  hitherto  been  referred  to  C.  davigera  by 
English  collectors,  but  we  have  obtained  many  spines  and  part  of 
a  test  from  the  Middle  Chalk  of  the  Devonshu-e  coast  which  show 
certain  marked  differences  from  C.  davigera  and  agree  with  the 
figures  of  C.  Sorigneti. 

The  test  resembles  that  of  C.  davigera  and  the  ambulacral  areas 
are  very  naiTOw  with  four  rows  of  gi-anules,  the  outer  rows  being 
much  larger  than  the  two  inner  rows,  the  granules  of  which  are 
placed   alternately.    The  interambulaci'al   areas   are   very   wide. 


PALJBONTOLOGY.  457 

with  five  or  six  tubercles  in  each  row,  the  tuherclei  are  prominent 
and  imperforate,  but  not  large,  each  is  smTOunded  by  a  narrow 
areola,  the  margin  of  which  is  bordered  by  a  ring  of  large  granules  ; 
the  miliaiy  zone  is  wide  and  studded  with  large  granules,  but 
the3e  are  fewer  in  num]>er  than  in  a  typical  C.  clavigera. 

The  spines  are  broadly  clavate,  stumpy,  and  very  short  in  the 
shank,  which  is  less  than  a  third  of  the  total  length ;  the  clavate 
head  is  generally  oval,  pointed  at  the  top,  ornamented  with  regular 
prominent  spiny  riba.  These  spines  differ  from  those  of  C.  davigera 
in  the  length  of  the  shank,  in  their  pointed  top  and  more  prickly 
riljs  ;  the  spines  of  C.  davigera  being  rounded  at  the  top  and  usually 
(but  not  always)  having  a  shank  as  long  or  longer  than  the  head. 

HOLASTER  PLANUS,  MarUdl. 

1822.    Spvitangiia  planus,  Mant.    Qeol.  of  Sussex,  p.  192,  pi.  17, 

Figa.  9  and  21. 
1829.    Spatangus    planus,   Phillips,      Geol.   of  Yorkshire,   pi.    1, 

fig.  15. 
1849-50.    Hoiaster  planus,  Geinitz,    Quad.  Doutsch.  p.  226. 
1853.    Holaster  planus,  dVrb.    Pal.  Fr.  Ter.  Crdt.  vi.,  p.  1 16,  pi.  821 . 
1870.    Holaster  planus,  Roemer.    Geol.  v.  Oberichlcsien   p.  312. 

Taf.  ?7,  f.  1  2. 
1872.    Holaster    planus,   Geinitz,  Elbthalgeb.  in    Sachsen,   p.  0, 

Taf.  3,  figs.  2  and  3  (eight  views). 
1881.    Holaster  planus,  Gosselet    Esquisse  Geol.  du  Nord,  Tom.  II. 

pi.  21,  fig.  10. 
1881.    Holaster  laevis  var.  planus,  Wright,     Pal.  Soc.,  Brit.  Foss. 

Echin.  Cret.  pi.  79,  fig.  la,  b. 
Non     Holaster  laevis  var.  planus,  Wright.     Op.  cit.,  p.  317,  and 

pi.  62,  fig.  2. 

Holaster  planum  is  not  a  large  urchin,  its  full  size  being  usually 
IJ  to  1 J  inches  in  length  ;  it  has  an  oval  outline  when  viewed  from 
alx)ve,  a  rounded  and  inflated  cross  outline  when  seen  from  front 
or  rear.  The  test  is  thin  and  covered  with  sparsely  and  irr^ularly 
scattered  tuberclas ;  the  base  is  convex  and  the  margins  rounded, 
not  a  flat  base  with  a  sharp  edge  as  in  Holaster  nodulosus  and  H. 
trecensis.  In  well  preserved  examples  a  fasciole  may  be  traced 
around  the  ambitus.  The  periprocte  is  situated  in  a  slight  depression 
aliout  half  way  up  the  posterior  of  the  test,  a  character  ]jy  which 
it  is  easily  distinguished  from  other  species. 

Hoi,  pl^inus  was  well  described  and  figured  by  Geinitz  in  his 
Elbthalgebirge  in  Sachsen  (1872),  except  that  his  specimens  seem 
less  convex  beneath  than  most  English  examples.  This  species  is 
specially  characteristic  of  the  lowest  part  of  the  Upper  Chalk,  but 
is  found  also  in  the  uppermost  part  of  t)ie  Middle  Chalk  :  it  has 
never  been  found  below  the  Terebratulina  zone  and  is  rare  in  the 
Micraster  cortestvdinarium  zone. 

The  form  described  by  Wright  as  H,  planus  is  not  this  species 
but  a  variety  of  H,  laevis  or  H,  nodulosus.  The  specimens  figured 
on  his  PI.  79  are,  however,  the  true  H.  planus. 
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IIOLASTEB  PLACENTA,  Ag. 

1840.    Holaster  placenta,  AgoMiz.    Cat.  Syst.  Ectyp.  Echinod.  Mua. 
Neocom.,  p.  133,  and  Cat.  Haisonn^,  p.  2. 

1849-56.      Holaster  placenta,  Cotteau.    Echinides  Foss.  du  dep.  de 
ITonne,  p.  486,  pL  82,  fig.  3. 

Cotteau  was  the  first  to  give  a  figure  of  this  species,  and  his 
description  is  as  follows  :  "  Testli.  maximal,  oblongd.,  inflatdi,  supern^ 
dopre^,  infem^  planiL,  antice  rotundat^,  vix  emarginatll.  V^rtice 
subontiC/O.  2k>nis  ambulacrariis  strictis,  fer^  equalibus,  anterioribus 
paribus  subrectis.    Testli.  tenuissimiL  et  fragili.'' 

Height,  40  mni.  Width,  86  mm.  Length,  91.  Horizon,  chalk 
with  MicraMer  cortestudinarium. 

This  species  has  been  known  for  many  years  in  France  and  has 
been  recognised  by  French  geologists  in  English  Chalk*  ;  but  it  is 
only  recently  that  its  existence  has  been  admitted  by  English 
geologists,  and  notably  by  Dr.  A.  Rowe,  of  Margate,  and  Major- 
General  Cockburn  of  Dover.  Dr.  Rowef  has  shown  that  it  ranges 
from  the  zone  of  Rhynchondla  Cuvieri  to  that  of  Actinocamar 
quadr(UuSy  though  it  is  commonest  in  those  of  H.  planus  and  Micr. 
cor'estudinarivfifi. 

This  species  is  easily  distinguished  from  H.  planus  by  its  flattened 
under  surface,  by  the  low  position  of  the  penprocte  and  by  its 
general  larger  size.  It  much  resembles  Holaster  trecensis,  but  can 
be  distinguished  by  the  thinness  of  the  test,  a  character  in  which  it 
resembles  H,  planus. 


•By  Hubert,  near  Dover,  see  Bull.  Soc.  G^ol.  de  France,  Ser.  3,  Tom.  ii. 
p.  424  (1874),  and  by  Barrois  in  Hampshire,  Kecherches  sur  le  terr.  cret.. 
Sup.  p.  41  (1876). 

t  The  zones  of  the  White  Chalk,  &c.  Proc.  Geol.  Assoc.,  Vol.  xvi.  p.  289. 
(lOOO), 
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B.— GENERAL    LIST    OF    FOSSILS    FROM    THE 

CHALK    OF    ENGLAKT). 

The  following  catalogue  of  the  fossib  from  the  Chalk  of  England 
has  been  compiled  principally  from  the  lists  given  in  the  text  of  this 
memoir,  and  the  sources  from  which  these  lists  have  been  derived 
have  been  acknowledged  in  each  case. 

The  old  collections  of  Chalk  fossils  which  exist  in  many  museums 
are  of  little  stratigraphical  value  because  in  so  many  cases  the 
horizons  and  localities  from  which  the  specimens  came  have  not 
teen  preserved  with  sufficient  accuracy.  Now  that  the  zonal 
method  is  acknowledged  to  be  the  only  way  in  which  the  strati- 
graphy of  the  Chalk  formation  can  be  studied  with  any  hope  of 
success,  it  is  essential  that  the  precise  "  gisement "  of  every  fossil 
should  be  properly  recorded  by  the  finder  if  his  fossils  are  to  be 
made  of  scientific  value.  Either  he  must  determine  the  zone  from 
which  each  specimen  came  or  he  must  record  the  exact  quarry  and 
level  in  the  quarry  (if  a  large  one)  where  the  fossil  was  found. 

For  want  of  such  information  many  species  appear  in  the  following 
catalogue  without  any  indication  of  the  zone  in  which  they  occur. 
We  hope  that  some  of  our  readers  will  be  able  to  fill  in  these  blanks 
during  the  coiu-se  of  their  further  collecting,  and  any  such  informa- 
tion will  be  gratefully  received  either  by  the  author  or  by  the 
Director, 

Besides  the  fossils  collected  by  the  author  and  Mr.  Hill,  arid  by 
Mr.  Rhodes  under  their  supointendence,  in  the  areas  which  were 
surveyed  or  examined  for  the  purposes  of  this  memoir,  the  following 
sources  of  information  may  be  mentioned  : — 

1.  The  lists  given  by  Prof.  Barrois  in  his  Researches  on  the  Chalk  of 
England,  and  the  Index  to  these  published  by  Mr.  E.  Westlake. 

2.  The  lists  published  in  various  papers  by  Mr.  W.  Hill  and  the  author. 

3.  The  lists  published  by  Dr.  A.  W.  Rowe  in  his  recent  papers  on  the 
White  Chalk  of  the  English  coast  (Proc.  Qeol.  Assoc.,  Vol.  xvi.  p.  289  and 
Vol.  xvii.  p.  71). 

4.  The  lists  in  the  papers  by  Mr.  H.  Woods  on  the  Fauna  of  the  Chalk- 
Rock  (Quart.  Journ.  Qeol.  Soc.,  Vols.  lii.  and  liii.,  18D6-1897.). 

5.  Unpublished  lists,  kindly  placed  at  our  disposal  by  Dr.  H.  P.  Black- 
more,  of  fossils  collected  by  him  from  the  several  zones  of  the  Chalk  near 
Salisbury. 

6.  Unpublished  lists  of  fossils,  carefully  collected  from  various  parts  of 
Hampshire,  and  from  the  Isle  of  Wight  by  Messrs.  Ch.  Griffith  and  K  M. 
Brydone,  and  kindly  communicated  by  them. 

7.  A  list  of  fossils  found  in  the  Upper  Chalk  of  Yorkshire,  for  which  we 
arc  indebted  to  Mr.  Stather  of  Hull. 
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With  respect  to  nomenclature : — 

Mr.  K  T.  Newton  has  revised  the  lists  of  Reptiles  and  Fishes.  The  fourth 
yolume  of  the  Catalogue  of  Fossil  Fishes  in  the  British  Museum  was 
published  after  this  list  was  in  type,  and  thus  we  have  not  been  able  to  take 
full  advantage  of  Dr.  Smith  Woodward's  valuable  work. 

The  species  of  Nautilus  have  been  named,  in  accordance  with  the  British 
Museum  Catalogue  of  Cephalopoda,  by  Messrs.  Foord  and  Crick. 

The  Bryozoa  have  been  revised  with  the  assistance  of  the  British  Museum 
Catalogue  by  Dr.  J.  W.  Gregory. 

The  Ust  of  Entomostraca  is  based  on  that  given  by  Messrs.  Jones  and 
Hinde  in  their  Monograph  in  the  P^lseont  Soc.,  volume  for  1889,  supple- 
mented zonally  by  Mr.  Chapman's  identifications  of  species  obtained  by 
Mr.  W.  Hill  in  the  course  of  washing  many  samples  of  chalk. 

The  list  of  Foraminifera  is  chiefly  due  to  the  labours  of  Mr.  F.  Chapman, 
who  has  not  only  puUished  lists  of  the  species  found  at  Taplow,  Lewes, 
and  Swancombe,  but  has  identified  all  the  species  isolated  by  Bir.  Hill  in 
the  course  of  his  microscopical  work  (see  p.  349). 

The  list  of  Sponges  is  based  on  the  British  Museum  Catalogue  b^  Dr. 
0.  J.  Hinde,  who  has  also  been  kind  enough  to  identify  many  specimens 
sent  to  him  from  time  to  time. 

The  following  list  is  designed  to  show  the  zonal  range  of  the 
species,  so  far  as  existing  information  allows,  but  it  must  be  remem- 
bered that  our  present  knowledge  is  very  imperfect,  and  that  many 
of  the  species  may  have  a  longer  range  than  is  indicated  in  these 
columns.  There  are  also  gaps  which  will  doubtless  be  filled  up  by 
those  who  continue  to  collect  carefully  from  the  zones  of  the  Chalk. 

Besides  the  zonal  arrangement  some  indication  of  geographical 
distribution  has  been  attempted,  the'  method  adopted  being  the 
same  as  in  the  first  volume  of  this  memoir.  Thus  the  i-eader  using 
this  list  will  \ye  able  to  see  at  once  in  what  zones  any  given  species 
has  been  found,  and  also  from  what  pails  of  the  country  it  has  been 
obtained. 

The  following  is  an  index  to  the  contractions  used : — 

Be = Berkshire 
Bd = Bedfordshire. 


Bk  =  Buckinghamshire. 

Cam = Cambridgeshire. 

Ch*=  Chard  and  Chardstock. 

Ct= Charlton  (Kent). 

De= Devizes. 

Dev = Devonshire. 

Do = Dover. 

Dor = Dorsetshire. 

E= Eastbourne. 

Es= Essex. 

EK=East  Kent. 

F= Folkestone. 

Ha = Hampshire. 

He = Hertfordshire. 

H  n  n  =  Hunstanton. 

IW=l8le  of  Wight. 

LC= Lower  Chalk. 

Lin  »  Lincolnshire. 


Mar— Margate. 

MC= Middle  Chalk. 

Mid— Middlesex. 

MB -Maiden  Bradley  (Wilto.) 

Nor— Norfolk.  "" 

ND- North  Dorset. 

NVV- North  WUtshire. 

Ox — Oxfordshire. 

Sal —Salisbury. 

Suf  =  Suffolk. 

Sur= Surrey. 

Sus —Sussex. 

SD -South  Dorset. 

Sp— Speeton. 

Tr — Trimmingham. 

UC= Upper  Chalk. 

WD  =  West  Dorset. 

WK-Wc8t  Kent. 

Yo«-Yorksliire. 
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3?"TwKC    H 

IWK. 

ms  CBETACEOUS  BOCKS   OF   BBITAIN. 


Lower 
Chalk. 

Clulk! 

upper  Chalk. 

Brxoiis, 

s 
1 

I 

i 

i 

i 

4 

1 

■s 

1 

1 

■s 

1 

i 

s 

I 

1 

? 

3 

S 

1 

1 
1 

i 

•s 

1 

■5 

1 

i 
1 

1 

•3 

1 

i 

■3 

1 

Locii.mBi 

CEPHALOPODA. 
Ammmidra. 

""""■"-"'  -s. 

d'Arck. 

a'On. 

tram.SDu. 

- :  ,.»F 

Sharpe 

MMlelll,  s™. 

.           NawboMl, 

■      -"«"Ti„. 

:    rsa^r- 

(«(  pUnoUnn.) 
ocUnillutai. 

„       p'.anulalni.&H'. 

„       pienao-gsrrlflnl? 

IDoutUKIobtm)         aoom- 
pholai.  Sharvi 
[H.ploce«irAn.tBnjj_^ 

uUtiiu,  Jfou!' 
elaotiu,  JTanf. 
Icaalcui,  5Af«- 

nnditn*.  .W.' 
.,       T«ten.H,  ifAni7« 

eumtm,  Jfaxi. 
iBlatni,  JTont. 

Imudluiiu  T, 

<ro-b. 

' 

■■ 

^ 

SCh.  »F.  NW.tlW, 
fld,^Ha,  Can.,   But, 

IDer. 

IIW.    SD.T.    »IW. 

°i"Sr  .'?,;;"■ 

IVor.'cb. 

0Do,8ii.,Kor,Ho. 

1D.V. 

IE.    SDor.Ch.    SF. 
ani\  H-,  8.11,  HW. 

3am,8D.  VStti.  SBt. 

ach.  jiw. 

IIW.MB.  SiDor.Ch, 
^^I>i.S8u.,m.tSor. 

SDor,D«T. 

a  DsT.    i  8u>,  Nor. 

tent    8  Do.'   13  Nor. 
8  Sot. 

lOwk.Do.    SD,W.. 

iCto. 

I  IW,  MB,  NW.  Ot. 
!D«.,Ch.  »F,IW. 

"£,;s3,r  •" 

GENERAL  LIST  OF  FOSSILS. 


1 

^ 

Low« 
CbKlk. 

Uldle 

Ch«UL 

,^a^ 

■PECIE8. 

1 

1 

■s 

1 

n 
1 

1 

i 

•3 

1 

s 

t 

i 
1 
1 

1! 

i 

j 
■s 

1 

a 
•s 

8 

1 

■5 

•5 

1 

a 
1 

1 

i 
1 

tOCllITIM 

Sliarpr 
IPuhrdiiclul  0]dluiml,5/ii>a 

••         '"■""""%.«,. 

Wetati,  sJtar^ 

[PhylliKonu]    Psrgonil    dc 

Crow 

Mr/«d«,SAnrf« 

lirgLUIarCiidui 

tPrianotrflplalWoDlgM-liVan 

„     eoaplllmnmlriXi' 
,      Bon>Ticrl.  Sharpt 
,.     ■nrtan.p&n-..       ■ 

ond'c. 
XBcuiitu  tuciilaldei  VqfiI. 

,        b-.iiera;sn.,F--a.B». 
FinfuL,  SurD. 

Crio-irM  IFllpllcnm,  llanl 

Hunita  ilmpliii.  iTOrA. 
„       pllwiill., «««.    - 
■p.  1 

1 

i 

■ 

• 

• 

: 

s 
s 

• 

^ 

•• 

» 

»1W. 

aiw.   13  Sol, 

IIW.MB.    ilHT. 

am. 

t  Dot,  Ch. 
6D.y.7H«.8NW,B., 

siw".  4wiiu, 

Cjmraon  lu  1,  S,  1.  < 

1  IW.     S  Mot 

sen.'  ScX'.LOiL 

]!"?££"■ 

sy,"™.  ecoaiiiioD. 

IE.    iDoT.  Dby. 

BBcOl. 
ISSor. 

TEE  CBRTACEOVS  BOCEB  Or  BRITAIN. 


Lower            Mldlt 

Cppar  CtuUk. 

'1      Ji 

>t»cm.                     5  if  i  5  1 
«       I  3  -i  a  i 

liliiiii 

i   5 » 5 si 

^  i  13  ^  -s  ^  ^ 

IJIIJil 

CSPHALOPODA-Cont. 

a  Orb. 

ft a  na,  Bk,  Bd,  Be. 

i     I     I     I     :     :     :     (lhe,B.1,  Ba. 

„    T«.   obliqoua,     -     -     1     i     -     -     -     - 
"         OelnlUI,  J'brt-    ■" -     -     ! 

rorrUltM  EMliBl,  SAarp.    -     ■     -     J 

Dor,   Ch,  'd«y.     1 
Coinnion.    4  Cud. 
-     -     IDor.    SIW,8ut 

8     1     ;     -    ^-     -     j     \^^-    8  Common. 
-      B      -      -      -      -      -      ftBL'gDIc 
IDb.. 

bKronil,  d'Orl.  -     -     -     -     s     -     -     -     - 
coitiiCuB,  iom.    -     -     -     g     3     1     -     -     - 

(TiTHUnund'Ort.    -     1     a     J     -     -     -     - 

MintellL,  SPIiirpc     -     -     -     s     -     -     -     - 
„         Morrill,  »iarpi   -     -     1     t     3     -     -     -     - 

-  -  ,»?;■»■■■"'■-■ 

SDor,  Ch.    Spualin. 

<  0«TD.  Nor. 

iiw^^  SD,'-  «Bim 

-------    sHuiLin,  itk,Bd.Be. 

--.--.-    ibTivt.  UB.    MW. 

ICh.  BIW. 

»«. 

ll^fu'^Sw. 

iSmS^ 

1" 

-        -   -       .s  -   uVr"*'- 

Hhamt 

i'florp. 

-     -     -    nii  IS    -     U^.rj_8^^1SW, 

:    K;t!S?K?pT  :::::::: 

.        •!>■         -       -       ■--- 

-     -     -     "     -    13    -     lisoV,  IW,taL''' 
-      -      -      -     13     -      13  IW.' 

C»ni{Tott.  St).' 

Mtrayi       '("^ 

planni,  Bi-wit.      -     -     _     -     i     (     -     - 
quidr.liii.  P.*.     -.----.. 

„        ToncuJ, /aiw( -    - 

PMalm. 
.-._---«  B*.  Bd,  Nor,  But 

„     watU»Ucui,&AfU(.     -.----- 

l-Mioi- lovTk:  "*"■ 

QENEBAL  LIST  OF  FOaSILS. 


Lower 

ClulL 

s 

DupnCtuOk. 

SPECIKS. 

1 

S 

ji 

If 

s 

■s 

1 

i 

i 
i 

I 

1 

s 

■5 

1 

1 

il 

B     ft 

1 

■s 

1 

■B 

1 

si 

u 

CSPHAIOPODA-Coot. 

SMotA. 

SMoU,.' 
cf.  Blratilaoili, 

•p.  p  M") 

KanUlu  bUu,  ITAfE.  ■        ■ 

,       BtrSeldJ,  ir.*C.- 

„     cf.iI«n.p=n.li3cA(ui 
.       Mip»iuii».  s™.      - 

ritUmi.Skarvt     - 

„      BonrliuaiBniiB.il'Ort 
,       lu^llisrltinui. 

GASISBOFDDA. 
AoMon  (Dur  U  KJSn  ii  Sd  w. ) 

„       HnmlK.lilll!,J(i!il.r 

PreToill,  dArth.  ■ 
AporrhaU  (cf.  climlaU      ■ 

1 

i 

4 
1 

* 

- 

• 

e 

II 

18 
IX 

IS 
18  1 

■a 

IK,  MB.    SNor.IW. 

IS^.  8D,    Nor. 
1    Upuiim.  ItTT. 

*    UTr. 

",{!■■.«'.  SI.""- 

4  6un,8ot.       ""  ' 

1  r.^'uB.  B  utd  i 

I1W,HB.NW.  tDt^, 

iOb,Dflv-'saii.. 

J=;  •"■• 

IF.BF. 

tCun. 

ISE«1.    IB  IT. 

»F. 

IFriw.MB. 
1  IW,  ilB.     i    Dor, 
Ch,   Dai.      S   Su, 

a-.o..  Bk.  «n^ 

^  {Totl.  Bt.). 

(Tridactylus). 
(Anchors).   IBk. 

TBI  CBBTACKOUS  BOCKS  OW  BKITAIN. 


.3 

asL 

ilidia 

UppRCbftlk. 

BPKCIKB. 

5 

a 

1 

4 
1 

1 

■B 

J 
1 

■8 

1 

t 

a. 

i 

1 

t 

•s 

1 

I 
1 

1 

■B 

1 

5 

a 
■5 

1 

■8 

1 

J 

1 

11 

i 

1 

LOQUJTm 

□UtlMPODl—Coat. 

m.lli«n.rifOW.. 
„         HautcUl,  eard.  - 

o[]goch\it.Oard.. 
9paitachlli,OanI. 

MtoMltl), 
„           lubtalHicullU, 

„        ip.       -*       -       . 

Cuil3ukTiicfiit*,5>'if.      - 

WvBdi. 

lillleriinumT. 

JOrft. 

"                           dOib. 
„         lundenl.iroMti. 

(M  N'oiiiuu). 

cwpwSu  >p.  ''■  ■      -      - 

mwllaiii  1  Sou.  - 
H         pluicottatuiQ, 

-.  sair« 

■p.  (ilrliiled)      . 
Dollum  tiDdatnm,  Smr:. 

BffliTBlimU  n^ni..  SbH.  CiM 

E.       aUEIB. 

OrBBljrl.  rc. 
VcyiTi.  Gord. 

::    KS^ 

„         IllllNMUM,ae^t 

J'uui  hlfiuaiiu,  f .  oiuI  C. 
(M«  Miiroi). 

* 

t 

l 

. 

> 

i 

» 

: 

■■ 

IUB.'aF.S<>*.  fiChU- 

S'.TSST""'-"- 

»lte.M. 
tCun. 

FtBTocera    lucena, 

!DaT.    JF. 
a  Cun,  B«,  H& 
8Do.B.,fla. 

1  IW.  UB. 

10  Nor. 

1MB,    IW.    t    WD. 

la  Sal,  IW,  Do,  Mot. 

»l(«,Bd,JI..O.,Do. 

IB.  iCh.Dur.  IBd. 

f.5r"^ "- 

1  D.,  UB.  I  Dor.  a  F 

UpporCbalk. 
1  ImV.  Ch. 

QENIRAL  LIST  OF  FOSSILS. 


a: 

Uldlei 
Chalk 

Bpper  Chain. 

SFECIBS. 

; 

s 

s 

5 

1 

1 
1 

1 

1 

1 

5 
1 

I 
i 

J 

1 

1 
1 

1 

1 

s 

a 
■3 

1 

8 
a 

1 

■B 

1 

1:' 

II 

1 

■8 

1 

■ 

1 

■i 

1 

LociLiTtn 

GUTIBOrODl-  Coot. 
BlFPWJi  DUml,  Dun.    - 
•p.       •       ■       - 

aiur»bi]L>.»t»?  j-.^r.  - 

„       Tiilg.ru,  «««. 

:    tc^i-    -    : 

„       tp.  ■       -       ■       ■ 

FhorDt  nnmllcnlatni.  d'Orb. 

dOrb. 
brongnlutJuii! 

dcpriua,  (#«  PI. 

.       0ii<TO«ert,tf0V6. 

:   sr,;j,r.r 

ifOrt. 

irdrb. 

„       p<«p«cUvM(onl. 

tp.  I  (flat)  ■ 
,.         .p.«{Ulf)-       ■ 

■      Tatr). 
PtarodunU  (tnlwrcalatB  ip.) 

Ptnvivn  In£ila,  ifOrt. 

Koatellaria  Prical,  F»dw.  - 

Bcilaria  daptnUiu  1.  d'Orb. 

„       lucUU.  BIA.  {var. 

ord(.«rmU.ito<m-, 

cumpacta.  &>ic. 

Sulu't.;ll.gBmniatji,S(iie.    - 

caiBUiuni,  aow.    - 
M'uataiii,5vi>,       - 

1 
i 

1 

i 

} 

• 

• 

7 

a 

I 

10 
10 

1  It 

IS 

■  o^.   .  WK.    „ 
llt.1.  MR.  ini.Dor 

"S.  "»•"•»"■ 

t  Dor.    I  Oi,  Bk.    T 

Sr.Bu. 
IIWT. 

IJNor. 

iCh,».T. 

i  D^?^D.T. 

■.'iV5^:rcS: 

1  IW. 

is-""'  ""■ 

iMB.   ich, 

IWw.    SWD. 

>r. 

SF. 

ir^am. 

Cnalli,  SuiMi. 

lKjMB,IW.    IDaT, 

THK  CBBTACBOtJS  BOOKS  OW  BUJAm, 


loWtT 

Cbklk. 

ai- 

,^^. 

flFBOIlS. 

1   * 

l] 

11 

1 

ii 

B  ■s  5 

III 

1 

i    i 

^  a  ^ 
121 

111 

•B    ^   -B 

III 

11  18   1 

^            IKS  HZMUKS. 

■8 

1 

It 

.       lrtiil«,P.  *B.    - 

-     1    - 

-  - 

,       .       , 

-     I.  ND.  UK 

tODurh). 
„      ScblUMri,  rosiU    - 

J  : 

!  :  : 

;  ;■} 

i  IS-- 

'.    i    a 

8     -     - 

rurbo  ,™™.«,^{j« 

"  ^"t!?S"S;li'^'^-  : 

-      -      ! 

,-     i,"^     *t>"- 

-      -      S 

-  - 

-     «Ch.WD. 

',',     ip.  l{orGlubDl»)       . 

-  ;  * 

:  ig^.^cr"^- 

(nrblDkU,  Sme.  - 
.   T(thickiiac«tho«l.) 

-      -      ! 

-  - 

-  ir 

-  \^r- 

>p.  S    .       ■ 
VoluU  Oooruigcrl,  ifOfi.  ■ 

":\ 

i  : 

IS 

-     IS  Nor. 

LAMBLLIBRANCHIATA. 

AnitiiiB  iHicMUt^  Of  fn,    - 

AnomU  papyncei,  (f  Orb.    - 

i  ! 

8     i 

1    i«w.  siw.n..  « 

Hc,CMD(TDll.at.). 

„      »p.    - 

!  : 

;  : 

-    10 

:  : 

-  I  Oui. 

-  ODbi.    10  WK. 

Arci  (B.rb.i,W  OsllleoOfil, 

dOrb. 

et.  OelniUl. 

„     (TrtgooairMt    piu-  ' 

jino,  d-Ort. 
.,     phaliid)lonDl>.<r[>r6. - 
„     roriDA.  irOrb. 

'  ' 

-  1M1I,IK».   SCb.DeT. 

a  Bs,  nd,  B«. 

H    SBa.    Hit. 

-  lDe,MB.    JDeT.Cb. 

I  iiw: 

'."ffij""""*' 

oSS. 

1  - 

asi"^' 

OENEBAL  LIST  OF  FOSSILS. 


Lowtr 

Mk 

'           UpporClialk. 

BFIOIIB. 

1" 

I 

s 

•s 

i 

f 

•s 

1 

i 

i 
1 

1 

1 

it 

s  -s 
3  S 

ii 
^ 

■3 

1 

i 

■s 

1 

1 

1 

i 

1 

Loo»ijTres 

.?'   Buu.jnft.   '■      '. 

lliieaU,  RiTM. 

-    T-SSS-.'- 

„        niMd.,H'ooJ».  Mfl. 
Bp.  (tnltldn). 

„        R-xolBim.  d-Ort,  - 

■ubnoiou,  iia^.  . 

CjdlUootUldln^d-Orb,    - 

„       uocelUU.  Wood!  - 
„       dublB,  d'Drt-  ■       ■ 

CknllnDi  mttBrnaiiB,  R«ui  . 
„       .luUMiin.,  CoW,  ■ 

Protooirdimii)       ■ 
,       mtllKuDDm.  d'Ori. 

„       toroaienH,  H'oxdl  - 

CorWBMoHio""ii-»J.       - 
„      rotondaU,  dOrl.    ■ 

Cm  mjmltf  Thn^la).' 
CnuiwlJa  ligerie[uU,ifOr6. 

■    ■;,    ■Sirs;.": 

obaa,  P.  A  R.      - 
dupldula  mod.U,  A-"i;n.  ' 

,,       ^d™u,dT)rt.      - 
„       llp.ri.nBKd'Ort.    - 

Dletiu  tunqniiMtntmn. 
Kiosrn  wff".  s^.  •     ■- 

„       conic*  nr.  unditu, 
Smt. 

1     ' 

5 
4 

' 

: 

'1 

-  a 

-  i 
:  1 

10 

la 

' 

11  Nor.    12  Yo. 

11  M^    11  B^.  E. 

lUun. 

11  Yo.    liSal.an(. 

1  IW.,  MB     J  WD, 

sur.'BmBk.' 
liw'"   SDo.. 

SBe. 
ED.T,Cti,Dor. 

8B.. 

I  MB.    SPuv.Ch. 

IIW. 

.«.|.,,.w,,. 

iWiw.uaiD... 
».■»„  .,,„. 

'.r 

ZDor.  8B«.  nsNor. 

1IW,I«.MB.    !Ch, 
^Eor,   BNW.a.,Bd: 

1  Iw''De. 
ISKor.  HIT. 

IIW.  JDot 

THE  CBETACBOUB   BOCKS  OP  BBITAIN. 


S 

1 

su    ssd    opwo-"- 

SPICIIB. 

1 

i 

; 

1 

4 

•a 

1 

1 

i 

i 

1 

1 

1 

1 

■8 

i 
1 

J 

i 

1 

i! 

it 
11 

u  u 

1            LOCiUna 
M          UVSUAUJL 

J 

OoDloDira  ap. 
HiiHiUo  (M  FaeUD). 

<HawUtaaX 

s™! 

Cdtlail,  5kw.  ■ 
CripjLJ(o»t. 

:    d,,srri^' 

"■     SMiit. 
lii™lnlu.aii.. 

kMatu,,SMM 

„   tes*a 
■    -a./r- 

lliipia,GfoW.- 
Mant. 

:    S^A... 

lanDli.  Jfant.- 
"          "^"^'jfe-i. 

' 

■ 

. 

• 

I 
-    i 

!_ 

r 

7 

i 

0 

10 

10 
10 

10 
0 

■■ 

12  IS 

11  IS 

-     IS 

4    14  Tr. 

-  10  WK. 

,  .Sir- 

.     10  Bu.  Sal.  To.     11 
WK.  Yo.  II  SaL  U 

-  ism". 

-  •S'wr--  ■' 

-  eHa,IW.    7Do,Bna, 

-  1D.,IW.UB.    ID.*. 

Cb  Do-.    Spaidm. 

-  4     Caiu,     Norf.        t 

pauim     «  paubn. 
7  Do,    Ha,    Hiu.   S 

-  SWllS.^"n  Ha. 

-  1I».,MB.    Kre..Uh. 

eD.     3  paulm.     1 

4  Cam. 

snaman,S. 
OHa.    BSoa-OWK. 
10  8». 

OENBBAL  LIST  OF   FOSSILS. 


3 

Ch&lk. 

Uldla 

Dpirar  Chalk. 

BFKGIIS. 

1 

i 

■s 

1 
1 

t 
1 

* 

3* 
1 

1 

i 
1 

■s 

1 

1 

■s 

1 

■s 

1 

■3 

1 

10 

I 

11 

i 

i 

1 

18 

i 

1 

IS 

i 

1 

•5 

i 

LOC«LITIBI 

JaNi™,(-.(pMlati{N.Llhea). 
Iioaica  obeia,  tTOrb.- 

/Wa     pnlttm.  Sow.  (sh 

Ca^Ldarl»Q.pil.U.X 

„     rtji?«-i.     U<M/    («< 

Lima     ir<riatit,    Btb.    {ki 

„      aipen,  ifaiK.  - 

„     dacuaaM,  Ootit.    - 
„      dittaitpUaHa,<rOrb. 

,       aiongat*,  Srnr.  - 

"     Bl'l«Si''fi^«'.     ■  ■     - 
.      gnnoH.     a.»      0° 

„      g^uM.'aMf.        . 

,     FiDolJita,  NiUt. 

„     Hopori.Soi..    .       - 

„      ■■i.iUKiila,  S<™.  (In 
Dtion). 

„      Jranlrlh',  iOrb.  (itt 

L-  Boporl). 
„      oraaIa,J0r6.  -       - 

,.      omaU      Sill.     QUO 

„        Of.U.  JVl/M.      - 

„      pecllnaU,  iTOrt. 

:;  S,S,Si;.,.i.,.: 

„      Hmlonialii,  li'Orti. - 

W     iplnoia/Sott.dnDii.) 
„      itrlati?  Gd!-/. 

1 
1 

i 
! 

1 

! 

i 

8 

a 

; 

' 

_ 

s 

B 

ID 

11 
1! 

IS 

1! 
IB 

u 

1  IW.  !Ch,WI),l(B. 

IB. Ha  Spartm.  t 
Oi.Bk,Ha,Caai. 

;s  *■-■»"• 

3WK.C!.id,HiiD,tlD, 

.%':!,-■  fi^i 

paato.*WK,Hun. 

ComiKOB  Irani  1  lo  «, 
S  Ha.  11  80.  11  Bal. 

B  Bn^'  W  BE   am 

B  WK.    is  Nor.    14 

>6D.    CoanDonfrom 

e  WK.     ID  3.1.    11 

IS---"- 

IE,  MB.    KDa.,  8D. 

is^;b^.^- 

(a  doubtful  a^daaV 
7  Ha.     BUa. 
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a 
1 

j 

&- 

Midi* 

ch*a. 

UppwOatt. 

BFBCIBS. 

1 

j 

1 

•s 

1 
1 

i 

I 

1 

1 

1 

a 
t 

■3 

1 

1 

•4 

s 

a 

■5 

1 

■s 

1 

1 

1 

1 

■3 

1 

•3 

1 

Locntms 
avoKuuhki. 

Uml  UoU,  cTOrl . 

I.ucln&tnronliiaiLi )  ttOrb.  ■ 

HodiaUuplUUtSLK'l.    - 
CalH*{imaepMer) 

:;   ?^^X-/o'^'- 

qwutrat  i.  Sow.  (trt 

SeplKcrliriastiu). 

.       itrlaUMMUU.-     - 

CI  imca.  Oo'n.l  - 
_      i!ltr(«m«rl»,0«in.) 

Jif.«ra(M8CMpld«rt.). 

„       Dbtuu.  Sow.  - 

oAeM  Iks  iMwm). 

pectlmu,  »»r.      . 
mlK,  Oam. 

-    "■""-To* 

Kuoul«wimqn>,G.Kr.      ■ 
llDeiiU7Sjir. 

Optibloorom  Crin.     ■       - 
Oilrm   kcatlKMtrli,    Vllu. 

„     .tofonnli,  rooda,    - 

(>«  0.  Inniba). 

(0.  latermllfc  A'ii;..) 

„      earitiaW,    Sc».   (t« 

.,      cuntbitla.  SrtHv 
„      CBrvlrcHtrLi,  iTilu.  ■ 

_      dUniUai,  Linn. 

1 

3 

8 

a 
1 

' 

4 

- 

S 

■ 

10 

fs 

■■ 

1* 

ID.*. 
sain,Da*. 

2  t>eV,  Ch. 

SB«. 

JDn-. 

IB.    ID«». 

lOST. 

ICh,WD. 

lMB.SDo.{Ou*nO. 
S  Do.  (Oirdner). 

S  r.    HTr. 

'Snf;.' »'•■•• 

s  Do.  (OfcrfneO. 

SD«»,Ch,  Dor. 

V%.    lukR,  WK, 
Mtd.Hor.  Vo.     11 

10  ™:     llMM.aM. 

lESu*.    13  Not. 
OtUM  a)  MIn.  Con, 

(Ctauni)  Common  In 
1  to  4  tod  in  ?  to 
lI.ltBn,II*,3>l. 

USD,  HTr. 

13  Nor. 

'I5.2''  .."^ 

IK,IW.MB,Cn..    * 
DtT,  Iwr.  1  rwlm. 
4  W.0«.. 

QENEKAL  LIST  OF   FOSSIU. 


3 

I 

low« 
ChtllE. 

Midi.: 

ChillL 

PppnCh.It 

BVICIVfl. 

^ 

4 

1 

i 

1 

i 

•s 

1 

i 
i 

•s 

I 

1 
1 

j 

1 
1 

1 

1 

o 

■3 

1 

3 

i 

s 

1 

■ 

1 

i 

i 

J 

1 

Loc.ii,rpn» 

LmiLLIBKl  H  CHI  ATi  -Cont 

Oitru  QoldfnBl,  BoU. 
„      blpp-podlnm,  AVlH. 

.,     inaqui«,lala.S.Wd«> 

,  ■.£»&'■.    . 

.     I,Mnearl,/()*. 

.     pMtfnala.  £am.  (w> 

dUuTlmM]. 
„      mlpUDm.JTjni.     . 

„      ulcMi,  Blum.  ■ 

,     lrUi«TilMlf,S.rdw. 

1,'      TMli-nTari*.  torn.     ■ 
„      ..  Tir.  globow,  s™. 

ftiou). 

Pwiupici  ip.  (T  Pl(iiToirjii) 
„      (TlHlenili,  Woodt 
.,      upar.Jxim.      - 
,      B*»»«ri.&™.   -       . 

,.      ci^tonu.   D^r. 

,','     dobrUlcn.li,    'iFnorfi 
„      ImiaTdio\       Ilttm. 

■ 

i 
i 

a 

i 

i 

• 

6 

t 

i 

i 

10 
10 

fl 

ti 

13 

18 
13 

1* 
U 

U 

nmr.   tWK.  eiM, 

IW.  7Do.8n..lW. 
llM.'lSSd.  IS  Not. 

:.*--"°- 

incepUnB,6,rl7. 

e  8ur,    Sw.      7   Do^ 
8iu,  IW.  8  SD.  B», 

UTr. 

IIW.  MB.IDoi.SIW. 

Cun-mon  ihfnogbuBt, 

10H»,B.1,IW.    11  A 
Ucomiuon.  USD. 

IF.IW. 

1  w.'mb:  3»d« 

mnj^moD.      7    8i.«. 

eDaHt  7Do.I*or. 
8  Do.  Eoi.  g  Do.  Sua. 
Bnr.    Coroinon  froin 
10  (a  H. 

IE. 

SCam.lH.,C.ni,Sqt. 

IW.  SDor   SF.Cboi, 
LId.  tBij,Ba.Cuii. 

WK.   Nor. 

TBI  CBRTACEOUS  BOCSB  OF  BRITAm. 


3 

I 

Cbilk. 

^ 

Oppnctalk. 

■  FECIBS. 

5 

i 

i 

= 

1 

i 

4 
J 

i 

1 

1 

t 

■3 

1 
1 

S 
I 

t 

J 

i 

■3 

1 

5 

•s 

i 

1 

1 

1 

IS 

i 
1 

1 

AHDSmUEKS. 

XniKiJJBiiiicaiiTi-^:™!. 

FwtenCaOifflnri.rf'Ort.     ■ 

(<«  orblculnrlt). 

„      MUuonl,  GuCdf. 

„      nifidiu,    Mant.   (w 

„    oJbiJSuJu.  a™.     ■ 

„      P(uwJ,rf  Jn>». 

(.«  roblnaldlniia). 
.,      pfflatas.  IFmrf*         - 

:  {:ar.rss : 
:  nssA  ■ 

„      nnd'alMni,  "sZt      - 
..      (HinnltM).p.  DOT.  . 

;'     (Nelthea)    '■qntcoi- 

„     i»niBU4'0rt: 

:  :£S|: 

tOB,  StW. 

tta.Sttii. 

n^S£;>nu;cooi4^.   '■ 

„      IDlcatB,   JfMdw.         . 
,.     Iritulau,  UtA.    - 
„     (UU  L«traEoiia,Sr>u). 
Flleatul.  Bam>L.L,  (*.«n    ■ 

.        iWIHn'.iS.I'.riii. 

1 

i 

3 

t 

fi 

; 

T 

8 
i 

4 

10 
10 

11 

14 

18 

: 

~ 

lMe1,UB.    tDor. 
11  Ba.    1 13  Sor. 

10  3or.    13  SD.    9a 
gNW^'tSBv  Btu.  1) 

*. 

i   He.  Cam.    11  Har. 

l!Ha,BaL 

Common  In  land  t 
1MB,    SDor. 

liSal.    1SS.1. 

UTr. 

1  Ull.    1!  Dec 

UTr. 
3  Ol. 
llBal. 
1  MB.  i  DeT. 

IS.:"'-"- 

10  ES,  Ha.  IW.    II 

UC^^w.^Cpmibly 

!DeT. 

ZOi. 

3Siu.  tWK.  TWUU. 
SCam.  11  WK.    11 

*C»^' 
IS  Sor. 
e  IW.    7  Do,  Doc    S 

CorailjoiitrOQi'llo4l 
Common  baa  1  tn  4. 

GENERAL   LIST  OP  FOSHLS. 


ffiS 

s 

Upptr  Chalk. 

8PK0IXS. 

■ 

11 

1 

s 

1 
1 

1 

■8 

1 

1 

i 
1 

1 

1 

1 

3 

1 
g 

1 

a 

1 
1 

■s 

s 

1 

10 

■s 

1 

i 

■s 

1 

1 

1 

s 

•s 

I 

„™™. 

LlMELLmRlNCHIATl— Coat. 

fboluip.      .... 

dci'iuuU.  Phii. 

..        maineans,  d'Ord. 

Trutfttardlum  tiitlan  am  ,&iir . 

KadiolltosUortonl,  ITant. . 

„      cf,  luigwldn  tffin 
Mepellur  litiHttu,  Smu 

SolsD  cqna]!!,  d-OrA.   - 
8poodiliiini;n«/.-.,Hrt.{«« 

d  Or*,  (jirolwblj 

latoi,  fiWr.     - 
„          rtZfjuU,,  «,».  (HC 

„       apinMiia,  Sow, 
itrialtu.  Sow. 

.       lran™toat,d-Ori.. 

{KT.  MuUaU). 
Thatbi  Ba-er1,yL.  Jt«»^,'    . 
Th«clamrlnlfcf.,fJTr^.    - 

""—""■!«•■  - 

iticmlT. 
Trlgonla  affloK  .s™.    -       - 

::   SSafe-: 

„       cnnnlirira.  Lvc.  - 
„       deblila,  tvc.  ■       . 
„      dunifom)ionil^/.icl 

■    i 

- 

t  - 

• 

' 

• 

7 

3 

i 

» 

11 

li 
ii 

1» 

it 

iWD. 

ICb/Day. 

ICam.    sr.ltiia.IW. 

,'£'      " 

lMfl.'iDor,  Ch,IH*. 

WK,  Un.  10  lia.'ll 
WtHa.UHa.Sal. 

S  D.T.    >  y.    4  Yo. 
0  liui.     7  Do,  Ha, 

11  Do,  Bal. 
paulm.  tUe.CBm. 

IE,  MB,  Cam.' Sloe 

WK,  Sal. 

aE«,Bk,Bd,E.  Cam. 
i!DeT,Ch. 

l^k  ,»,,». 

!  Dbt. 

THE  CRETACEOna  H0CK8  OF    BRITAIN 


5 

1 

Lower 

Chalk. 

ss 

WKBTCluJk. 

8PECIKS. 

i 

4 

a 

j 

1 
1 

I 

s 
1 

1 

1 

1 

j 

■s  3 

£    'S 

1 

"5 

1 

i 

I 
i 

•3 

1 
IS 

u 

u 

II 

13  H 

LM)*LITRi 

LlK  ELLl  BRUICHI  itTl— Ton  t 

"""^—■-^  «.£ 

„       Mey«l,  Lvc.  -        - 

Z       ■l1l<»Cuii^  Lnm.  - 
Tlcirynn*.  Lye.     . 

Veoni  Ooldf  airi.  Grin.         - 
BEACHIOPODA. 

„    T»r.  HnUta, 
irinVnV'llmii?S;A.     -       - 

Lyra    Kiadi,     Cqmb.     (,« 

Uigu  Geinitil,  &Muf>iA.    - 

,.      pamihw,  a.if.  -       . 

Mtgnlhjrii  Brcniii  (net  C\f 

,.  round  •« 
dlmWu.  S.W 

grMlan™'0r6. 

■ 

■ 

i 

i 

a 

i 

- 

1(1 
10 

I 

IS 

.if 

SDST.CA. 

IK: 

lUB.    SDwr.Ch. 
IIW.UB.  IDn.Gb, 

IIW.UB.   «Doc.Ch 

11  WE.    ItTi. 
IIW.    IDet.Oar. 
a  Dev.     7  Do.    8  Do. 
aiB,  9D.     9  to    U 

Ua.l,8D. 

lIW,'BM.C«r.iDeT, 
Uur.  3  puHm.  t  y, 
run.    He,   Nor.     7 
UCT.SIW.   Lin.   10 

10  H..  8l«,  IW.     11 
UlYi).  laHi^Sui. 

141B.  UTr, 

Tpi^lm.    s  Md9 

flNor.    7Do,Ee,Lin. 

ChiVd,     WD?    SR 
ODev. 
lUB.    gDoK,  Cb»rd 

GENERAL  UST  OF   POSSIIA 


1 

LowM 

^ 

Upixr  ChiUk. 

SPKCIGD. 

i 

a 

1 
1 

i 

■B 

1 

1 
1 

"S 
% 

s 

1 

e 
t 

1 

1 

1 

•B 

1 

i 

o 

■s 

s 

a 

1 

1 

i 

J 

i 

1 

s 

1 

1 

■■-™ 

Bii*CHioroi)*-ConL 

Carted,  Dae. 

MarUm,  MaM. 

„         plleatUU,  Smt.  ■ 

,           „  Tar.  octoplt- 

"  "i^MI.  Sov'. 
re«den«U,KIA. 

:;     -SZiSir 

Wlntl,  Qufiu'. 
T«(b.aliila»btDpUT  T-U 

utao^d-Arcy 
bipllcata,  Sk-u-. 

Boneata,  WttL 
Dbeia,  Sou.    . 

DTata,  .<!9io.      . 
„           ».yo^, 

(.«  KInBCD.). 
•aleltBn,jrorni 

VcrnsQUl, 

d'ArcA. 

i 

s 

: 

' 

0 

B 

9 

i 

- 

w 

n 
11 

- 

.; 

■' 

1  Cam,  tW.    3  E,  Do, 
Sp,^Hnn.      4  Nor. 

CsSI^Ho.'nSI'.' 
BM«lni.     BHfcSur. 

mon.  *M  n^  ''™' 
7  Do.     10  Sal.    UBal. 

liHa,Siu,™,8Di 
Sal.    13  Sal,  Nor. 

lDe>. 

2D.».    Sfraqnmt. 

1  ^Mk     S  Dbt.  Ch. 

?  fl  b«T.  (baiB). 
SD«T. 
Immmon.    Epanlm. 

S  naalm.    4  Ckm, 

>IW,Sin.    CDDunoa 

trans  toll. 
10  Sal. 

to  WK.    na.   Sdi. 
11    VK.     Ha.    13 

Ua,iiai,Sal,8D. 

Not.'Un.ap.   4'h': 
Cam,ai.i. 

TOE  CBKTACEOUS  BOOKS  OF   BRITAIN. 


j 

1 

izi. 

iiMif 

Uppor  Chalk. 

8PBC1B8. 

I 

i 

■s 

1 
1 

K 

■s 

1 

1 

3 

I 
i 

1 

1 

s 

J 

,1 

j 

■s 

1 

■3 

3 

1 

1 

11 

i 

■s 

1 

IS 

1 

1 

IB 

1 

1 

14 

Lwuurm 

BBirRiopODi—Cun  t. 

Tenbrattlla  MenantJ.J^uiN. 
ublongi,.S'«ii 
peetiu    .*iic 

lerfbnlullna  uracil  (a, 

'..           nodufoaaifiA 
lata,  Eth. 

■■     """i,,,.,., 

Tnebriroitra  lyra.  Suv. 

JfumJi, 

lni^arlg>,i>ai. 
pulch«1lD>,- 

BKYOZOA. 

'■""""» '"■«.-•  - 

gandrj^anm       ■ 

■  ™'"?Ha 

AUgina    Lonidiltil,     Grm. 
(^A.  papulaHa, 

Banulcea  a«iiLhlBa.  Gng.- 
Caiinl,  Gng. 

mnflnena,  d'OrA. 
KA>nala,d'(Mi(Hr 

„  .ars- . 

I 

'- 

t 

s 

- 

- 

e 

! 

s 

! 

e 
s 

.; 

" 

. 

IS 
IS 

U 
U 

1D«.    l!Do*,Ch. 

2DeT. 

IIW.UB.  SDfV.Dor 

UT*. 

3   r,  Cam.    1   Cam. 

Bar,Hiiii,D«ir,  Sp. 

Common  In  a  and  V. 

I  X''^B,''caDi,  Be. 

US;  "•■  »"• 

la  sm.  u  ft. 

i  Dot,  Ch. 
HTr. 

ect.  lOHid. 

II  Sal. 
BCt. 

LC,  SnaKI.    n  Mar. 

set.    lOCt. 
oct. 

lOm: 

ICam. 

9Ct.    13  Hot.   14  Tr. 

GENERAL  LIST  OF  FOSSIIS. 


Chain. 

at    .p.«oM». 

flPHOIVB. 

S 

1 

1  « 
1  1" 

1  1 

i  s 

i 

1 

1 

i 

1 
i 

■s 

1 

il! 

B    B    -B 

III 

j 
1 

■5 

1 

a 
■3 

1 

i 

i 

•3 

i 
1 

J 
1 

■5 

1 

-rzr... 

BBYOZOA- CtiL 

CycIotCumnla.-Cvnt. 

Berenices  Uigenovl,  ficuu     - 

J^Dl'vii^     -     ■ 
{tie    B.     Ucri- 

a,"-  •■"'■ 

BIcivHi  tlllilAM.  iTOi*.      -     - 
BidiaUepunHaet  aet). 
Bifllutnuanuitlnkd'Ort.  .     - 
BltHblgera      cnbrUormli, 

Ciiuinnmon.  nag.  ■      ■    - 
CaeanntllalmCtyiait). 
Cellnliiw™  orn*t»,  d'Orb.  ■     - 

^^    „         .pongitt-TGoJ*'.     - 

„     lieteropora,  il  Urb     .     - 
-     Itregutarl*.  d'0/6. 

„     T.ri.billi,rf'l>r*.       -     - 
„     WrighU,  Opm-   -       -     - 

"'"r-.i'S's.a'"; : 

„      OMnbIS  &rp/.  ■       -     - 

-' 

• 

1 

e 

! 

ill 

10 
10 

» 

,-. 

H 

act. 

Ct,  m'sd^  11  Bal. 
IS  Sal.   ISBal,  Nnr. 

B  Ct.'  10  Ct,  B»I. 

10  MM. 

SBd. 
BCt. 

KD.T. 

i  Daf.    in  Hr,  IW. 

11  m.  wH^iw. 
act.    loct. 

1211a. 

oct. 

B  ct.  ■  la  Bal. 
Charing  deliltiu. 

ICUD. 

BCt!    10  WK 

THE  CRETAUKODS    BOCKB   OF   BKITAtN. 


IflWM 

ss 

Upper  Ohftlk. 

BFBOIBB. 

■    1 

1 

■B 

1 

1 

! 

1 

I 

■s 

1 

1 

s 
1 

1 

1 
1 

1 

i 

1 
1 

1 

1 
I 

1 

1 

^ 

™.,.™. 

BHVOZUA-Codt. 
(VciMlotnota— Coot. 

I>mniepon>   Beniicylludrlc*, 

(«*  labXui), 

papgracea.d-Orb. 

fuiriiu*,     (TOrt. 
LubDlDM,  d'Orb. 

Bl»liUDeUi«R,d'Or«. - 

(ur  B.  vllSUl*). 

Oimblel,  Or«^.    - 

„       liarant.SOrti.ife 
E-whlnaM). 

opuni). 

::  wr^-a.. 

„       mr^nm  irOr«(Mi 

;  Xr^^A. 

(fM  mudrepor*- 

Biirifffolo,  J-0r6. 
(««ri«al.). 
„       vlrgul»,tf»ii,       ■ 

'     1 

-    i 

^ 

0 

0 

i 

It 

" 

13 

■• 

9Ct.    10  CI,  Mid. 

act.   10  ct. 

8  Do,  n  K.  imt.  a  ct. 

aur.    U  Sd. 

1  Ma   »n. 

act. 

Bfld!  act,    10 Mid. 

act, 

8  Bd.  a  ct. 

1  Cim.    3  Sml. 

act- 

DCL    ItTr. 

0  Sui  10  Stu.  IE  3«L 

1  Cun.    8  Bd,    a  Ct. 
10  8<ir,    Uld.      11 
Sal.  la  Nor.  14  Tr. 

QENERAL  LIST  OF   FOSSILS. 


1 

ChuU. 

MIdli 
CbiOk. 

Upper  Chsik. 

BPECIE3. 

1 

4 

i 

■5 

1 
1 

1 
1 

3 
1 

i 

i 

6 

1 

i 

■5 

1 

1 

1 
■5 

1 

8 

f 

i 

i 
i 

1 

1 
1 

i 
1 

1 

1 

■s 

LocAtmra 

IBD  UjlHAIIKg. 

DRYOZOA -Conl. 

Xpiillctlanphiinalai,,  Limid 
(Ml      Siphonio- 
Ijphln.) 

ruolcolipJ^'J^ta^  fOrt, 

FUtipiru  ommtB.  lima      '■ 

BunniU  puituloB,  GoibV.  - 
Bpuiicina). 

„       »ltBra»liu,i(;Ch-ft. 

Honii^m  .■,"iftiBta>™i.      - 
Idmw.-a  ullpM.  ffrep.  - 
"       v"i'.™U,"«™H."i 

InTsrurls  UtnluU,  Greg.  ■ 

tnberou.d'Urh. - 

Loltmliibigira   (m    Splro- 

Marglliirl.KoTer'i;  I^U- 

UM.Iaiti.Pe'g.. 

(,«  M.  inguloM). 
LoiudHJil,  Greif. 

iireg 
,.           p™plnq»^^^^ 

umlloni.d'Ort. 

lUglUlaU.  d'drft. 

_ 

0 

B 
ft 

« 

1 

e 

no 

■■ 

la 

IS 

IS 

i:i 

1* 

act. 
Btrt.   rw. 

BCt."' 

BCt. 

B«™,D«».  10  Mid. 

Cballi  detrtlu. 
U  Ct. 

BSni. 
LuKlaWD,  E«nt. 

'ifsr'  '"■ 

HTf. 

act. 

lUB.    BCt.    118.1. 

BCt.  10 CL    laeu. 

1  C^m.   0  Ct.  10  Sni. 
llHUr 

act.  iact,KK.  1£ 

THE  CBRTACEOUe   BOCKS  OF  BBITAIN. 


ffiE 

Sffi 

nprwchjt 

SPBCIE8.              E    , 

H 

Ill 

i 

■ft 

i 

■3 

J 

1 
1 

1 

1 

1 

1 

8 

1 

1 

1 

1 

1 

o 

1 

I 

1 
1 

1»  iUlUiikl 

ciuss,  ni.  tna-    -     - 

: 

• 

4 
• 

t 

■■ 

U 

IS 

■' 

5g  ..^ 

BCU 

act. 

icun.  act.   lesn, 

act.'    10  Kent, 

BOi.    B  ct,  Sdr.  Bm, 
BK-^W^He-^WIc: 

SDer! 

BCt  (tMte  Oamblo). 

8  a,  Do. 

0  ^"WM  Opjnble). 
2DB..' 

"      dreg. 

BlWU.Wpor»,ri«    •     1 

m»r8ln«U,<roi*.'  -    - 
[ATultlca,  Hair       -     - 

nigma.iTOrb.lin 

Reptelm  iamtllma.  ifilrli. 

,        weani^Ort.       -     ^     - 
panillloB,  Hag.-     -    - 
KolitooertlitM  Soiroi,  IJrcy.     -    - 
BnpIflmDllloni  mUif.  Cine. 

;;      &4-- 

?Ort. 
Diuun  U.^^ 

•implm.iTOrti.'   ■     - 
™df«t»,  K™.     -     1 

=  ■  - 

! 

GENERAL  LIST  OF   ro»in& 


III 

I    1,1 


;  1  S 


UBVOZHA     Conl. 

CyUoMOfi  a  to— Cont 

BcptomnlUiparu  congeita, 

(.wcongBt*). 
tnvgnlolionk 

Rowol.  GrrjT.  - 

ramaa,'d'VTb. 
(tH   IVab.   ndio- 

Ittonun). 

$KTtHi,  iVOrb. 
{teo   Ptob.  r»dio- 

BetasaTw  ccnniiiunii  d'Orb. 

creMcBL  Silie. 

paeuiiDdiitlshs, 

Bag. 

KaUcrialL*  obll<|Dii,  if  Orb.- 

■      ""-^ci. 

Retlciiltponi  emu  pianola, 
pupTncB). 

„  ubtiqua,  cCi^b- 

Eltwrtiini). 

acalc]rUi?dlHp>rlLli,  ilirii 

Z        niKOM,  /(Orti.    ■' 
Scmlaln  Kciubi,  /'ci-r. 
ScDllin ultima  mBBdo- 

SmnlmnlMlii  gndsU, 


mmfm-Son. 


I    t£  Hk.    1>  8D.  11  Tr. 


lOSoT.Siii.    IS  Mot.' 


ICvn.    flCt.  HB*I. 


« Ct.    10  Ct    13  BD. 
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Upper  Oialfc. 
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■s 
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1 

1 

11 

1 

5 

1 

mieroDo™,  Fine 
GoU/. 

gTacllli,  fMw. 

„      ^,„™, 

grmnuLU). 
(A«  graiin- 

.  „!-"£:, 

(tajproboi- 

anloocii*!!  'XUaiAUk.Man: 

LTlrtlU,  d'tM. ' 

gnclIK,  (CO*.  ■ 

„          <tiJ<n(.i.r<<UD<<i. 

d'Or*.     (hi 

TnuintulK  nltanista,  (/'Ort 

„      fraglllt,  iTOrb.   ■ 

boriidn,  d-Orb.    ■ 

,.       linwrls.  n.«,     ■ 

:   S«'.' 

' 

- 

; 

- 

f 

e 

0 

D 

D 

10 
10 

11 

It 

IS 
12 

13 

fa 

IB 

■• 

_^  11  B«l.     Ig,  Ifl  aal. 
RCt.'«IIr.    IDCt,8iiT, 

Si,..:'-  » "■ 

I  MB,  Cam.     B  Oi. 

H»il.     Ii8i«.3al'. 
IS  Nor.     It  Tr. 

14  Tr, 

DBur.    10  Mid 

oa, 

13  su. 

II  W  ItSJ.  ISSol. 

10  Hal. 
BCt. 

BCt.'    118.1.     ISSiI, 

OCI. 

ISSu. 
1*TI, 

QENIBAL  LIST   OF   FOSSILS. 
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BUVOZUA— Cont. 

Difruicls  BrongQlartl.Edip. 
„       Eudeti.  d-OH,.    - 

DlI^^ii^UBr".'d™i.; 

clTpellomili 

d'Cfrt. 

E«h»i.AcBite,  d'Orft.        - 

„       A«l..d-Ort.     -       . 

„       CybeU,  (TOrt. 

:   SS-JSX:.    : 

.      dlitlcbi,  0^.      . 
),'       lnnunkl,  Qo;. 

,■,    SSSS'fe,.: 

Hipv^tho..  (««   MembiMl- 
UDDMiIiwU.'gi  encta,  ^og.  ' 

LuuuHlenTetartUB,  Dr/r. 

arboria.ifOrl'. 
clsthMli, 
.^fii«,J'0r6; 

duinerUl&!nr! 

gnuiQlcw^^ 

d'drl,, 

■    ""'■■a... 

i 

: 

1 

8 

10 

" 

K 

14 

u 

IJTr. 

113^1.    llSra. 
S  (.t. 

I  [>•>.'  8Da.Dev.  9 
Do,  BuL  U  am, 
All.    UTr. 

lU  WK. 

BCl! 

uaSii.    13  a.1. 

0   Cl     l;;   Sal,    aua. 
10  WK. 

2D«T.      ~ 
8Bd.' 

Hi-  S5- 

iift.iuH..iw.  iau» 
a  H.   ID  s«]. 

BCt. 
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LOOiLTUBS 

Mcmbmiipura  monillfer*. 
dOrb. 

C...II.,  d-Ort.' 

pjgmiei,            - 
tnbenwM'uD!    - 

xlniplu,  iCOrb. 
OnychoeelJn  caiiuin.ln.yag.     - 

■  '"""rfb,.:  ■ 

Bnmulom,  d-Orf.   - 

dag. 
Lui«rcU,HO(r. 

■  ""■""iw.  - 

flutceUuit  <mdIUb,  f  Ort.     - 
„      fllugnm*,  Cow. 

'"                              iCOrb. 
Samloytii  dtirwillm dOi-6.  ■     - 
hiiiBtnili,  d'Orb.     - 

SnoleKhuipon  g>1«E£^ 

Supi)rcnlsdiglUt*.>ro,^   .     - 
Sy-tem-Mnaupamlam^^      - 

Unlcytli  McaU,  d'Orft.       -    - 

; 

: 

10 

to 

10 

" 

S 

" 

s 

oct. 

lOEK.    BK. 

(«./«*(«,)     12  8^. 
((Mspora.)    BCt. 
BCt. 

11 M.  «8U.  USD. 
1MB.    2De». 

BCt,  Bui. 

BCt. 

net.    ISflal. 

ICi^. 

MTr. 
BCt 

WTr.' 

BCI.''' 

WTr. 

BCt. 
BCt. 
BCtiSni. 

14  Tt, 

SS 

UTr. 

?ft. 

oct 

OBNKRAL  LIBT  OF  FOS8IL8. 
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Upper  Chalk. 
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1 

SKtl    EUIIIIKS 

BEVOZ0A-1.-011C. 

Vlncularla  Bronnl,  Jlnuf.  - 

LrBt»ce»,d'0r6.- 
diipMllli,  O'O^. 

siKnlpU,irarH. 
aioaratH,  •TOrt.- 
frmi>C4U».<r0rb. 

„       leSr.  ,f  eft. 

,.         oculala,  rf'Ort-.   ■ 

rtgulart.,  •rOrb.. 

?Ort. 

■■         '"^        '  >,™. 
^         ip.       ■        ■  ■    ■ 
CECSTACEA 

BrocJitf,.™. 
CaUlanaua  Archlaol    ■       ■ 

„    .....jjj, 

Htok«t,  JfdHl.  - 
Platlophlhnlmui  ovirormlB, 

PUtypodtoOwenl,  ir,»^ip.; 
JTsOiu. 

P«l»««C«rurl,H,  Foodir.- 
(KT  Hngplndljtia 

- 

1 

; 

3 

: 

8 
S 

12 

"■ 

14 

IE  Sal. 

»ct, 

OCt,    iOWk, 

flCt.    loDo-Sm.    II 

^^(ta.,Mu-.    12  Boa. 

lE8al'. 

IS  Sal,     IBBal. 

10  WK. 

DCt.    IE  Sal.    13  3*1. 
IOWK.  IE  Sua. 

UTr.' 

set 

'"""■ 

LC.'    Do.  and  Maid- 
IMB:    SI>.y. 

a  r.  IW, 
sy, 

<  He,  Cud. 

1  Cam, 

ICUD. 

iWK,l»lu.7  8uf,Ha. 
a™.    8Ito.Siii.    e, 

hUJ  Ba.    W  Nw.' 

3    IW,  lu'd    Chalk, 

Lewei, 
3F.  IJd.NW,Or.     t 
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CEl'STACKA— Cont. 

Cirripedit. 

Ii™ch,lep»cr6U^  ^^ 

LnricoU  pnlchBlla, «™.  -    ■' 

„       Uronnl,  itomer  ■ 

„       f4lUt,  IJOTv!'*'- 
.,       gltber,  Bam. 

„         nriatni,  liar.      . 
„       mwnU.  a™,         - 

fBraama  m-eUusa,  H.Wootlv 
^^          (aee  Bmchjlsp..) 

"          Darwin  Uiimm, 
rouaU,  Daric.- 

haitAtnm.SiinD, 
„         qoadrieirin*-  - 

Vurraca  plUcn',  i>n™. 

Bllnli»hMTi.lMa.J^OTKI     ■ 

■      -  -Tft. 

„       nibdnlWldaa^JdiMl, 

„       RUBllIia.J'.ffi. 

,.     ro«meTUiui,J.c[!if. 

J.  <t  fl.' 
„1       ilmiil»t«.,?ow* 

•  ■ 

■ 

, 

! 

; 

i 

i 

10 
10 

0 

" 

," 

IS 

1* 

13  SD,  Nor. 

IS  Nor, 

l»8*l,8D,  Nor.  HTr. 

WK  Sm.      11  Har, 
Ha.  Sua.     1!  Bni, 
BMW.  Sal. 
7  Do.    lOSiU.    11  Ba, 

1   Cain.     3    Kor.     t 
^Kor.OWKlOWK. 

loc.  onknown. 

1  Cam.    3  F.     10  Sur. 

9   Do,   ana.     10    Do, 
Sul^    11  Mar,  Ha,: 
li  3al,  Ha,  Sua,     Is 
Kor,8al,ab.  14  Tr, 

7DD.  ODo.  BD0.BIU. 

3F. 
BTld. 

10  WK.    IS  Nor. 
ICam. 

(He,  B  Do,  8  to  13. 
Common. 
ICiuu,  SCani,3  Do,  8 

I  Quo,  10  Ct. 
Ctuu'lng  dMHUu, 

GENERAL  LIST   OF   FOSSILS. 
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Midi* 

Upper  Chftlfc. 
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e 
1 
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■s 

1    . 

1. 

1 

■B 

1 

■5 

1 

1 

r 
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L 

1 
J, 

L0CALITIB8 

CHUHTACEA-Conl. 

'j.  *  a'. 

gaultlna  Jmu      ■     ■ 

„        Koniii^klnn«.HMa.     - 

C)tti8™iiaortculaU,Coniuf(    ■ 

Icenloa.      J.A-B,     - 

■  -  •"-;;»  - 

„    var.       nnda,      ■ 

■  ■■  2  ?£■■ ; 

"    "  '   y.  <t  u'. 

qnadiilaw™,  R«F«     ■ 

liipllcata,  itonn.  -     * 
„       tuberoM,   J-.J'H.     - 

„       Wrightl,  j?  ±  ft!     • 
Cjtlierldea|>«r(otBl,B,Jiiwn.      • 

■  ■■■"■   ""■&,.  ■ 

«SHM. 

„     „  «r.  Tlrglnej, 

Jimm. 

ata,.f.  4  8, 
,.       pedaluni,     Man,.     - 

J.£U. 

■■    ^Sdt-'fi:^:  : 

;;     ^bonatui,  »■«.    ■ 

„           „    ™-.  longl     -     ■ 
ipliuiW,J.*ft. 

!  - 

• ' 

.: 

>• 

" 

" 

s  - 

3    - 

i  - 

a  - 
s  - 
i  - 

Cliarliiit  d«trltii>. 
1  Cam.  8  Bd.  10  WK. 
ICam. 

I  Cam.   t  He.  8  Ikl. 

i^c.™'b'b'-!^b''»5: 

IB  Nor.      "°""™' 
ICam. 

1  C«n.    B  Be.    8  Bd. 
I  dm.    B  Be'.    8  BJ. 
1  Cam.    S  B«.  Do.    8 

8  Bd.*   IS  x"' 
ICani.    3  Be.    Cam. 

4  Us.    8  Bd. 
1  Cam.  8  Bd.  19  Nor. 

ICam. 

1  Cam.    3  B«,  Do.    « 

S  Cani. 

l!  N^'. 
3ll.l.10((Hp.32S}13 

1  Cam'.    3  Be,    Can, 

IS  Nw! 
8Dd.    laNor. 

1  Cam.'  8  Bd. 
B  Do.    B  Do.    H  Mar, 
Sua,  Dor.    13  Nor. 
ICm.    SBd 

THK  CRETACEOUS  BOCKS  OF   BBITAIN.. 


■H 
1 

^ 
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Upptr  Chalk. 
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5 

1 

j 
% 

i 

1 

5 

1 
1 

i 
1 

1 
1 

i 
a 

■B 

1 

1 

1 

1 
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Locaimra 
i«D  Bucaau. 

CRUHTACEA-Cont. 

j 

' 

■ 

• 

r 

3 

-  10 
9    10 

a  10 
0  10 

B     ■ 

I  -  1» 

-    -  is 

■• 

Ch.  detr.  Cbartng.     . 
lOuu.    SB^  Cam  8 

aui.  Dor.  13  Sot-  ' 
1  i;»m,    3  Uu,    1  Ub, 

Dor.    IS  Mar. 

IS.  •■»• 

IS.T,..e«». 

18  HOT. 

'  SD.    l/TrliT' 
Do,  IW,  te..  SDo, 

Ha,    BBD.    10  IW. 
IS   Ba.     11    to   13 
Sal. 

'.■&.■">•"■ 

14  Trim. 
B«l£.    ISMm. 

15  Nor. 

aD.Nor.    UTriMi. 

""■"'"zrir 

oboiata,  J.i:H. 

orata,  Btcntr      ■ 

J-.,.. 

■    -'"•■"■;&: 

„  Tar  itTlcta 
Maoroen«'l.M«iclo«J.iif. 

.Ulqria.  >««.: 

Paraejprta    aracilli,    Bim. 
lUlqna     J.^S. 

,,           tr[qQet™,>on« 
Paeudooythere  ?  simrilBi, 

AMNHJDA. 

IMtn.padl(romil..L<.m,      - 
Scrpnla  ampnllues,  Som.    ■ 

,        ™Uir!.la,  Hod.    ■ 
eartuaU^.  Wtoiw. 
DinoU.  eofitr.  - 
coneara,  Sow.- 
contrautB,S.  Wooifw. 

nottaata,.*.  It'oc^if,' 

OENRRAL  U8T  OT  TOSBILSi 


i 

Oh«!k. 

ame 
Chilk. 

Upper  Chilk. 

BPEOIBB. 

1 

1 

1 
1 

1 

■3 

1 

1 

'a 

i 

■s 
K 

i 

1 
s 

1 

■s 

1 

1 
.1 

■s 

1 

i 

•5 

i 

i 

1 

1 

S 

5 
•3 

1 

8ofpo!«  gI»DOl«ta,  Suit. 

„        lltuiUi,  Dtfr  -       . 
l^mhricn^i)^Lr^.    ■ 
miKTopm,  SuiP,     ■ 

„        oblm..  Aiir.  .       . 
„         pl»>l».S.  IfowlK.    . 

:   ;s:a.«*  : 

;;    TMrn^'s™.''    - 

l^trupidlfformiii]. 
.        McliU  Uf/r.  -        - 
.,        "l^,iu,»^^_^ 

tniblnellm  Bovi.     - 
„         utwhltomii,  Bag.. 

vortBi,  S.  romfw.  - 
verniH.  am".  ■ 

'"•-"•  '•-£■£■ 

Ananckvtt,    (•«     Eohlno- 

Ckntomtu  rottntra,  Ag,    - 

,.        of.  (.!«,  Ag.       - 

CttrdluUi  ■niinclvtli,  Uiiit 

tOrb. 

(Kcviuicbnli). 

i 

9 

3 
t 

< 

i 

» 

i 

i 

i 

10 
10 

16 
111 

I 
11 

IS 
It 

IB 

S  1 

4    7  Do.    8  Do,  Oi,  Bd. 

*  n'i*or^°i4iV^'' 

4    Bli..  Vu..  ■0Do,Slll. 
n  K.    10  EK,  Sag. 
IMIar.Hiii.  i^Biu. 
la  su.  ^o.■.  H  Tr. 

-  S  l>i.,(t'in.    7D0.BI11, 

B-SD.     10Uii,8D. 

MX,  "s/saZ'  sS: 

I     llSui.    IS  Nor. 

-  IF.    4C»m. 

-  13Mor. 

-  ISSor. 

14  Tr.             "       ' 

1   MB,  C«m.    a  Dor. 
3  iiuiim.    4  Dom- 

1  """is  Nor. 

e  wtL     to  Uu,  Snr. 
Mid.  1?H«.  isNoc. 

1  Dot.  ■ 

Nor   Jtal!^°i4Trta; 

1     IW.     OoVMt    bed. 

THB  OBKTACBOUS  ROCEB  OW  BRITAIN. 


ss. 

Mid'Li! 

Upper  Chalk. 

BPKCIES.                £ 

1 

1 

i 

1 

1 

1 

■5 

1 
1 

1 

i 

1 

1 

i 

1 

1 

1 

3 

J 

asp  BuiKKi. 

OITiwterl. 
pjgmxui.  Fiflf     - 

:;   Es-i..',.;  - 

IiihiluUir]. 
.       ™»r(«In(oU.- 

„          rrwirodit,  Farbr- 
tiM  HaiMio-la). 
(flltniUr)  up.    -     - 

..      Wo«r-irti,S»irK      - 

CMarii  Bowcrbanki,  >-ur(iii     - 

,      crt.rl.  fi«-(w        -     ^ 
„      elatfgera,  Sanig     ■     - 

„      cnlua,    Han/,    (m 

■nbiolculuH). 
„      Dlionl.  (.V-ir.     -       -     - 
„      di^mllk  *'or(:«     -      . 

„      )[r«iiala.fSMfcj/-        -     - 

1  - 

•: 

• 

« 

t 
* 

4 

I 

9 

TO 

It 
10 

11 

11 

11 
1° 

IS 

IJ 

1     MR      2    D«.  Ch, 

am,     t  Nori,  cam. 
flDo.    7  Sua, 
BCam. 

K,iW.'"-  '■ 

I'm.'  7°Do;a^'^ 

Sal.  Ha.   Bm.'sD. 
lBaal,8D.IW, 

7  1kl."'ijsua.  KBm. 

11  WK.  Mar. 
BLe«,8ur.    IBSD. 
b  Do,  8tu,  «D,  1  am. 

FreqntnllnOtolS. 

'•S,.'""°'  "■ 

8  Do  Ha.3iil,  DtT.   T 
mon.    11  WK,    Vo. 

in., 

„     lBteme.|l»,  B-iBrt.  -    - 

:  ^S£S:a~i«  :  : 

„      pleracantha,  ^fl.       -     - 
„      Keptrifira.  JfniK.    -     - 

.,      Sedgwleki,  »rtr9      ■     - 
„      BOTifera,  TnriM 

i; 

QINIBAL   LIST  OF  FOflSIU. 


Cldarli  TulcnIoH,  Goldf. 

CodloiMii  doDii.  Dtmn. 
CottiJdu  Kaspetils.Kimi 


piincffpr,  liwor 


„  timjAtr,  Fnrbft 

in'  ruJIatav). 
■patDlirrmin, 

FiirbH. 
Welberelll, 

IHKoldm cjtip'bics,  Lam'.. 


Setineemut  (•«   Gkleritn) 
BchUWTpfaiu  dimcllli.  Ag.- 

,.         ImprcBIU,  ."irririi 
n'»r.ordlffieIi«) 


Ik'- 


ft,  Brunffa. 


n  w 

KM 

SM 

ri 
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7  Do,  Bui,  H*. 
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WK 
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1  WK. 

Do.    1  Do.    11  H>, 


TIIK  OBEIAOBOtm  BOCKB  Of  BBITAIN. 


i 

Lo*w 
Oialk. 

CAklk. 

DppmOI»lk. 

■PiaiiH. 
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6 
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1 
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1 
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1 
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EcniXnDlHMATA.-ronl 

i;cAin»i.rn]-Caiit. 
a»lsrlte«    Kmniti.    dOrb. 

nmnlHlar  bola,  Dtmr. 
Oricpankerll, 

mrMliBa.TJ(i.  - 

HotuUrBlKho«,ftr«!t.    ■ 

„       JkvIi,  i(i  Lue 

„   rar  nodulwiu, 

..       obll<|i>iit,  WriiiM  '■ 
pUmiil*,  Ag. 

,       pliniu,  iraai. 

Br.  (WB  fW.Mer 

„     TU-.JIM, 

„       .nbo,.,.U.^^A". 
„       t™«n.li,  t,ym,    . 

,       piUala.  («M   OffM- 

.,       .p*<rWciu(BeeO(fmi- 

HolictTpiubiilrUltui.H'r^ib 

MltlMlior    bFenpariu,    Aa. 

1 

s 

- 

' 

» 

S 

fo 

ii 

IS 

edTp—tai.   sfM. 

BSD.     10  Hl 
IIW.UB.  iD(Ii,»r, 

K,  H^  IW.     «  DOk 

S.it,  D»T. 
1  U II,  Cum     1  Di*. 

10  Nor.     U  SiU.  to. 
i:3*l,To.     ISICor. 

SF.    Common  In  e« 

IIW.UB.  sD«T,  ir, 
si«.iw.  Bk.  K-ai, 

H^C.m, 
tl8*l.    18  8^. 

iD.t. 

cSS^iSs*!: 

Wk,  bD.  lw>.      10 

wk,Nm.  risMor. 
ptiiio].  »uo,wx;. 

t    Dw,   CIi.    Dor.    > 

imb:  J^IT"' 

lUB.    tDer.Dort 
1MB.  1  Dor.  ISootb 
CU.  ipudiii,  BBk. 

10,11  pint  m.lffiD,  Vs. 
^lMD,Nor,Yo.lilt. 

otHitii,  Ltn  o>  torniA 
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Stowmarket.      Geology  of  the  Neighbourhood  of.      Expl.   of  Quarter- 
sheet  50  S.W.    By  W.  Whitaker,  F.  J.  Bennett,  and  J.  H.  Blake. 

1881. 
Suffolk.    Geology  of  Part  of.    (See  Cambridgeshire.) 
Sussex.    The  Water  Supply  of,  from    underground    Sources.     By  W. 

Whitaker  and  Clement  Reid.     1898. 
Wash.    Geology  of  the  Borders  of  the.    (Boston,  Lynn,  and  Hunstanton.) 

Expl.  of  Sheet  69.    By  W.  Whitaker  and  A.  J.  Jukes-Browne.     1898. 
Weald.    The  Geology  of  the.    Including  parts  of  the  counties  of  Kent, 

Surrey,  Sussex,  and  Hants.    By  W.  Topley.     1875. 
Wiltshire  and  Gloucestershire.    Geology  of  Parts  of.    Expl.  of  Sheet  34. 

By  Sir  A.  C.  Ramsay,  W.  T.  Aveline,  and  E.  Hull.     1858. 
York     and   Hull.    The    GJeology   of   the   Country   between.    Expl.  of 

Quarter-sheets  93  S.E.  and  94  S.W.,  and  part  of  Sheet  86.      By  J.  R. 

Dakyns,  C.  Fox-Strangways,  and  A.  C.  G.  Cameron.     1886. 
York  (N.E.  of)  and  Malton  (S.  of).    The  Geology  of  the  Country.    Expl. 

of  Quarter-sheet  93  N.E.    By  C.  Fox-Strangways.     1894. 

Catalogue  of  the  Cretaceous  Fossils  in  the  Museum  of  Practical  Qeoloiry. 

By  E.  T.  Newton.    1878. 
Figures  and  Descriptions  of  British  Organic  Rebcains.    Decades   1, 

3  and  4,  by  Prof.  E.  Forbes ;   Decade  5,  by  Prof.  Forbes,  Dr.  S.  P. 

Woodward,  and  J.  W.  Salter ;  and  Decade  12  (Fishes)  by  Prof.  T.  H 

Huxley.     1849-1866. 
Monograph.    No.  IV.    The  Chimseroid  Fishes  of  the  British  Cretaceous 

Strata.    By  E.  T.  Newton.     1878. 
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B.  Maps. 

One  Inch  Scale,  Old  Series. 

1.  S.E.    Langdon  Hill,  Gravesead,  Rayleigh,  &c    1868. 

1.  S.W.    East  London,  Woolwich,  Dartford,  &c.     1868. 

,  2.  Sheer  ness,  Shoeburyness,  &c.     1868. 

3.  Canterbury,  Ashford,  Margate,  Ramsgate,  and  Dover.      186& 

4.  Country  between  Folkestone  and  Rye.     1863. 

5.  Hastings,  Eastbourne,  Hailsham,  Lewes,  Seaford,  &c,     1864.    New 

edition,  1893. 

6.  Bromley,  Chatham,  Maidstone,  Tonbridge,  kc.    1864,  revised  to  1889. 

7.  West  of  London,  Windsor,  Wendover,    High  Wycombe,    &c.     1861, 

revised  to  1872. 

8.  Croydon,  Beigate,  Dorking,  Guildford,  Farnham,  <fec.     1862,  revised 

to  1868. 

9.  Brighton,  Chichester,  Horsham,  Haslemere,  &c.    1864.    New  edition. 

1893. 

10.  Isle  of  Wight,  1856  (withdrawn).    See  New  Series  330,  <fec.,  1893. 

11.  Winchester,  Southampton,  Portsmouth,  Petersfield,  &c.     1858. 

12.  Newbury,  Andovcr,  Basingstoke,  Alton,  &c.     18^0. 

13.  Oxford,  Beading,  Wantage,  Lambourn,  Thame,  Henley,  &c.     1860. 

14.  Marlborough,  Amesbury,  Westbury,  De\izes,  Warminster,  &c.     1857, 

revised  to  1859. 

15.  Salisbury,  Blandford,  Shaftesbury,  Cranborne,  &c.     1856. 

16.  Coast  of  Dorset  from  Hurst  Castle  to  Lidworth.     1856. 

17.  Dorchester,  Weymouth,  and  Bridport.     1850,  revised  to  1855. 

18.  Crewkerne,    Beaminster,  Sherborne,  Yeovil,  Cerne   Abbas,  and  Win- 

canton.     1850,  revised  to  1875. 

19.  Bath,  Frome,  Wells,  Mere,  &c.     1845,  revised  to  1873. 

21.  Taunton,  Tiverton,  Honiton,  Chard,  &c. 

22.  Coast  of  Devon  from  Lyme  Regis  to  Torbay,  Exeter,  &c. 

34.  Stroud,    Cirencester,    Calne,    Swindon,    and    Marlborough     Downs. 

1857,  revised  to  1859. 

46.  N.E.    Hitchin,  Biggleswade,  &c.     1869,  revised  to  1891. 

46.  S.E.    Hatfield,  Luton,  Stevenage,  &c.     1867. 

46.  N.W.    Newport  Pagnell,  Winslow,  Woburn,  &c.     1864. 

46.  S.W.    Aylesbury,  Tring,  Dunstable,  &c.     1865. 

47.  Hertford,  Bishopstortford,  Sudbury,  Brain  tree,  &c.     1881. 
50.  S.W.      Lavenham,  Stowmarket,  &c.     1881. 

50.  N.W.  Ixworth,  Botesdale,  Diss,  and  Eye.     1882. 

50.  N.E.  Harleston,  Halesworth,  &c.     1883. 

51.  S.W.  Country  round  Cambridge.     1881. 
51.  N.W.  Ely,  St.  Ives,  &c.     1882. 

51.  S.E.    Newmarket,  Bury  St.  Edmunds,  <fec.     1882. 

51.  N.E.     Mildenhall,  Culford,  and  Thetford.     1883. 

66.  S.W.     Attleborough,  Watton,  and  Wymondham,  1884. 

66.  N.W.     East  Dereham,  Litcham,  &c.   1885. 

68.  E.    Norfolk  coast  by  Sherringham,  Cromer,  Mundesley,  &c.       1883 

68.  S.W.    Holt,  Fakenham,  Wells,  &c.     1885. 

68.  N.W.    Norfolk  coast  from  Weybourn  to  Wells,     1883. 

69.  The  Wash,  Boston,  Hunstanton,  Docking,  <fec.     1886. 

83.  Lincoln,  Market  Rasen,  Horncastle,  &c.     1886. 

84.  Alford,  Spilsby,  and  Louth  and  East  Coast.  *  1884. 
86.  Caistor,  Hull,  and  Humber  Estuary.     1888. 

94.  S.W.     Beverley,  Market  Weighton,  <fec.     1884. 
94.  N.W.    Driffield,  Fimber,  &c.     1884. 

94.  N.E.    Bridlington.     1882. 

95.  S.E.    Speeton  and  Flamborough  Head.     1881. 
95.  S.W.    Filey,  Scarborough,  &c.     1881. 

Large  Sheet,  **  London  and  its  Environs/'     1873. 
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One  Inch  Scale.    New  Series. 

267.  Newbury.    1898. 

268.  Beading.     1898. 

282.  Devizes.    1899. 

283.  Aiidover.     1898. 

284.  Basingstoke.     1^97. 

298.  Salisbury.    1901. 

299.  Winchester.  1896. 

300.  New  Alresford.     1898. 

314.  Ringwood.    1902. 

315.  Southampton.     1899. 

316.  Havant.    1900. 

317.  Chichester.     1902. 

328.  Dorchester.     1898. 

329.  Bournemouth.     1895. 

330.  Parts  of  New  Forest  and  N.W.  of  Isle  of  Wight.    1893. 

331.  Portsmouth  and  N.E.  part  of  Isle  of  Wight.     1893. 
334.  Newhaven  and  Eastbourne.     1893. 

330.  331,  344,  345.  Isle  of  Wight  with  mainland.    Second  edition,  189.*^ 
339.  Newton  Abbot.     1902. 

341.  Dorset  coast,  Langton  Herring,  1895. 

342.  Portland,  Weymouth,  Lulworth.     1896. 

343.  Swanage  and  Corfe.     1895. 

C, — Horizontal  Sections^  on  a  scale  of  6  inches  to  a  mile, 

*  Those  marked  thus  have  brief  explanations. 

16.  No.    1.     From  Mere,  in  Wilts,   to  Vobster,  in    Somerset.     1845. 
Revised  to  1871. 

19.  From  Knighton  Heath  (Dorset)  to  near  Honiton  (Devon).     1851. 

20.  From  Portland  Bill  to  near  Castle  Cary  (Somerset).    1852. 

21.  From  the  sea  at  Golden  Cap  (Dorset)  to  the  River  Brue,  south  of 

Glastonbury  Tor  (Somerset).    1852,  revised  to  1873. 

22.  No.  2.    From  the  Coast  near  Lulworth  to  Cadbury  Castle  (Somerset). 
56.  Sections  through  South  Dorset  from  the  coast.     1859. 

*59.  From  Marlborough  Downs  across  the  Cotteswolds  to  the  River  Avon. 

1860. 
♦71.  From  Nettlebed  Hill  (Oxon)  to  Burton  Dassett  Hills  (Warwick). 

1867. 
*72.  No.  2.    From  Lambourn  Downs  (Berkshire)  to  Keucott  (Gloucester 

shire).     1867. 

73.  From  Selsea  Bill  (Sussex)  to  Chobham  Ridges  (Surrey).     1868. 

74.  From  Chobham  Ridges  (Surrey)  to  Bishopstone  (Bucks).     1868. 

75.  From  near  Worthing  (Sussex)  to  Hampton  (Middlesex).     1867. 

76.  From  near  Brighton  to  the  North  Downs  near  Merstham.     1867. 

77.  From  west  of  Newhaven  Harbour  (Sussex)  to  Knole  Park  and  the 

North  Downs  of  Kent.    1867. 

78.  From  near  Beachy  Head  to  near  Boxley,  N.E.  of  Maidstone.     1867. 

79.  Across  the  London  Basin,  from  Beddington  (Surrey)  through  London 

to  near  Hemel  Hempstead  (Herts).    1868. 

80.  From  near  Gosport  (Hampshire)  through  Berkshire,  Oxfordshire, 

and  Warwickshire  to  Tam worth  in  Staffordshire.    1870. 

81.  From  near  Gosport  (Hampshire)  to^White  Hill  near  Kingsclere,  and 

from  White  Hill  to  near  Pinsley  Wood  in  Oxfordshire.    1870. 
84.  From  Boxley  (Kent)  to  the  River  Chelmer  (Essex).    1871. 

120.  From  near  Farningham  (Kent)  to  Widford  (Essex).     1871. 

121.  Across  Hertfordshire  and  Bedfordshire  to  near  Kimboltou,  1878. 
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125.  From  near  Dunstable  (Beds)  by  Woburn  to  Mears  Ashby.     1881. 

126.  From  the  river  Chelmer  (Essex)  to  Cambridge  and  Madmgley.  1882. 
♦127.  The  Norfolk  Cliffs  from  Happisburgh  to  Weybourn.     1882. 
*139.  Section  along  the  Western  Escarpment  of  the  Yorkshire  Wolds  ; 

illustrating  the  overstep  of  the  Cretaceous  Hocks.     1884. 


General  List  of  Works  in  which  English  Upper 
Cretaceous  Rocks  are  described. 

N.B. — Of  works  published  before  1800,  only  a  few  of  the  more  important 
publications  are  mentioned.    Papers  on  Water  supply  are  not  includod. 

1628. 
VEiiSTEGAN,  li.    A  Restitution  of  Decayed  Intelligence  in  Antiquities 
concerning   the   most   noble  and   renowned   English   Nation.    4to. 
London.    Other  editions  in  ?  1634  and  1723. 

1728 
WOODWARD,  DR.  J.    Fossils  of  all  kinds,  Digested  into  a  Method, 
suitable  to  their  mutual  Relation  and  Affinity.    8vo.    London. 

1729. 
WOODWARD,  DR.  J.    An  Attempt  towards  a  Natural  History  of  the 
Fossils  of  England  in  a  Catalogue  of  the  English  Fossils  in  the  Col- 
lection of  J.  Woodward,  M.D.    8vo.    London. 

1743. 
PACKE,   DR.   C.    A   Philosophico-Chorographical  Chart  of  East  Kent 
(wherein  are  described  the  VaUies    ....    Hills    ....    Ail- 
bourns,  and  Rivers,  Springs    ....    Quarries,  Gravel,  Sand,  and 
Chalk  Pits,  Minerals,  Soils).    Canterbury. 

1753. 
KALM,  P.     En  Resa  til  Norra  America.    Tom  I.    Stockholm.    A  trans- 
lation into  English  madQ    by  Mr.  Joseph  Lucas  and  published    in 
London  J  1892. 

1789. 
WHITE,  REV.  G.    The  Natural  History  of  Selborne.   4to.  Ixfudon.    Many 
subsequent  editions. 

1801. 
PENNANT,  T.    A  Journey  from  London  to  the  Isle  of  Wight.    2  vols. 
4to.    London. 

1802. 
ENGLEFIELD,  SIR  H.  C.    Observations  on  some  remarkable  Strata 
of  FUnt  in  a  Chalk-pit  in  the  Isle  of  Wight.  I'rans.  Linn.  Soc.,  Vol.  V/., 
pp.  103,  308. 

1804-1811. 
PARKINSON,  J.    Organic  Remains  of  a  former  World.    An  examina- 
tion of  the  mineralized  remains  of  the  vegetables  and  animals  of  the 
antediluvian    world   generally    termed   extraneous   fossils.    3    Vols, 
and  plates.    4to.    London. 

1806. 
FAREY,  J.    On  the  Stratification  of  England,  &c.    Phil.  Mag.,  Vol. 
XXV.,  p.  44. 

1808. 
ALBIN,  J.    Vectiana,  or  a  Companion  to  the  Isle  of  Wight.    Seventh 
edition.     12nio.    London.    (Twelfth  edition,  1831.) 
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1809. 
COOKE,  W.    A  New  Picture  of  the  Isle  of  Wight,  illustrated  with  36 
plates,  and  a  voyage    round    the    coast.     8vo  and  4to.     London, 
(Second  edition;  Southampton^  1813.) 

1810. 
VANCOUVER,   C.    General  View  of  the  Agriculture  of  Hampshire, 
including  the  Isle  of  Wight  [Map  and  Account  of  Soils  and  Minerals]. 
8vo.    London,    (Another  edition  in  1813.) 

1811. 
BERGER,  DR.  J.  F.    A  Sketch  of  the  Geology  of  some  parts  of  Hamp- 
shire and  Dorsetshire.     Trans.  Geol,  Soc.    Vol.  I.,  p.  249. 
DE  LUC,  J.  A.    Geological  Travels.    Translated  from  the  French  M.S. 
Svo.    lA)ndon, 

1812. 
MIDDLETON,  J.     Outlines  of  the  Mineral  Strata  of  Great   Britain. 
Monthly  Mag,,  Vol.  XXXIV.,  No.  232,  p.  198. 

1812-1815.  P* 

SOWERBY.  J.    The  Mineral  Conchology  of  Great  Britain.    Vol.  I.    8vo. 

London, 

1813. 
TOWNSEND,  REV.  J.      The  Character  of  Moses  estabhshed  for  veracity 

as  an  Historian.    Recording  Events  from  the  C^reation  to  the  Deluge. 

[Describes   Chalk   and   Greensand   in    Wiltshire.]    4to.    Bath    and 

London, 

1814. 
MANNING,  REV.  0.,  and  W.  BRAY.    History  and  Antiquities  of  the 

County  of  Surrey.    Vol.  III.    Folio.    London,    With  an  Appendix 

'*  Of  tiie  Mineralogy  of  Surrey,"  by  J.  Middleton. 
THOMSON,   DR.  J.    A  Vein  of  fibrous  limestone  in  Chalk.  Ann,  of 

Phil,    Vol.  I  v.,  p.  155. 
WEBSTER,  T.    On  some  new  varieties  of  Fossil  Alcyonia.    Trans,  Geol, 

Soc,,  Vol.  HI.,  p.  377.     Pis.  27-30. 

1815. 
MANTEIiL,  DR.  G.  A.    Description  of  a  Fossil  Alcyonium  from  the  Chalk 

Strata  near  Lewes.     Trans.  Lin,  Soc,,  Vol.  XL,  p.  401. 
SMITH,  W.    A  Memoir  to  the  Map  and  Delineation  of   the  Strata  of 

England  and  Wales.    4to.    Jjondon, 
SMITH,  W.    A  Map  of  England  and  Wales. 

1816. 

BOGG,  E.  A  Sketch  of  the  Geology  of  the  Lincolnshire  Wolds.  Trans, 
Geol,  Soc,,  Vol.  III.,  p.  392. 

ENGLEFIELD,  SIR  H.  C.  and  T.  WEBSTER.  A  Description  of  the 
Principal  Picturesque  Beauties,  Antiquities  and  Geological  Pheno- 
mena of  the  Isle  of  Wight.  With  Additional  Observations  on  the 
Strata  of  the  Island,  and  their  continuation  in  the  adjacent  parts  of 
Dorsetshire,  by  Th.  Webster.    Folio.    London, 

HAII^TONE,  REV.  PROF.  J.  Outlines  of  the  Geology  of  Cambridge- 
shire.    Trans,  Geol.  Soc.,  Vol.  III.,  p.  243. 

SMITH,  W.    Strata  identified  by  Organised  Fossils.    4to.    London. 

1816-1818. 
SOWERBY,.;.    The  Mineral  Conchology  of  Great  Britain.    Vol.  11.    8vo. 
lA)ndon. 

1817. 
BUCKLAND,    REV.    PROF.    W.     Description   of   the   Paramoudra,   a 
singular  fossil  body  that  is  found  in  the  Chalk  of  the  north  of  Ireland, 
with  some  general  observations  upon  flints  in  Chalk,  kc.    Trans- 
Geol.  Soc.,  Vol.  IV.,  p.  413. 
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SMITH,  W.  Stratigraphical  System  of  Organised  Fossils  with  reference 
to  the  specimens  of  t)ie  Original  Qeological  Collection  in  the  British 
Museum.    4to.    London. 

1818. 
PHILLIPS,  W.  A  Selection  of  Facts  from  the  hest  authorities  arranged 
so  as  to  form  an  outUne  of  the  Geology  of  England  and  Wales.  [Original 
Account'of  the  Chalkfcliffs  of  Kent]  12mo.  Z^oiwian.  ^'H^  p 
MANTELL,  'DR.  G.  A.  A  Sketch  of  the  Geological  Structure  ol  the 
South-eastern  part  of  Sussex.  Gleaners  Portfolio,  or  Provincial 
Magaziihey  Letves,  p.  8.  ^^ 

1819. 
SMITH.  W.    Geological  Map  of  Berkshire. 

,,        Kent.  .{ 

Surrey. 
Sussex. 
„        Wltshire. 


Norfolk. 


»»  >» 


SMITH,  W.  Geological  View  and  Section  of  the  Country  from  London 
to  Brighton,  through  Lewes. 

Geological  View  and  Section  in  Essex  and  Hertfordshire  and  of 
the  Country  hetwcen  London  and  Cambridgeshire. 

1819-1821. 
SOWERBY,   J.    The   Mineral  Conchology  of  Great  Britain.    Vol.   III. 
8vo.     fjmdov. 

1820. 
SMITH,  W.    Geological  Map  of  Bedfordshire. 

„        Buckinghamshire. 

Oxfordshire. 
„        Yorkshire. 

1821. 
HAUMER,  E.    Letter  describing  the  Tottenhoe  Stone.    Ann,  of  Phil. 
PARKINSON,  J.     Remarks  on  the  Fossils  collected  by  Mr.  Phillips  near 

Dover  and  Folkestone.     Trans.  Geol.  Sod  Vol.  V.,  p.  52. 
PHILLIPS,  W.     Remarks  on  the  Chalk  Cliffs  in  the  neighbourhood  of 

Dover,  and  on  tlie  blue  Marl  covering  the  Greensand  near  Folkestone. 

Trans.  Geol.  Soc.,^  Vol.  V.,  p.  16. 
SMITH,  W.    Geological  Map  of  Lmcolnshire. 
WEBSTER,  T.    On  the  Geognostical  situation  of  the  Reygate  Stone  and 

of  the  Fuller's  Eartli  at  Nutfield.     Trans.  Geol.  Sor.,    Vol.  V.,  p.  353. 

1822. 

CONYBEARE,  REV.  J.  J.  On  SiUcious  Petrifactions  imbedded  m  Cal- 
careous Rock.     Ann.  of  Phil.^  Ser.  2.  Vol.  IV.,  p.  335. 

CONYBEARE,  REV.  W.  D.,  and  PHILL11>S,  W.  Outlines  of  the  Geology 
of  England  and  Wales.     8vo.     London. 

MANTELL,  Dll.  G.  A.  The  Fossils  of  the  South  Downs,  or  Illustrations 
of  the  Geology  of  Sussex.     4to.    London. 

SAIiGliiNT,  V.  Notice  on  Fuller's  Eartli  found  hi  Chalk  in  Sussex. 
Trans.  Geol.  Soc.,  ber.  2,  Vol.  I.,  p.  1G8. 

SEDGWICK,  PROF.  A.  On  the  Geology  of  the  Isle  of  Wight.  Ann. 
of  Phil.,  Ser.  2,  Vol.  III.,  p.  329. 

SOWER  RV,  J.  On  a  fossil  shell  of  a  fibrous  structure,  the  fragments 
of  which  occur  abundiuitly  in  the  Chalk  Strata  and  in  the  flints  accom- 
panying it.     Trans.  Linn.  Soc.,  Vol.  XIII.,  p.  453. 

The  Mineral  Conchology  of  Great  Britain,  Vol.  IV.    8vo. 

London.    (1822-1823.) 
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WINCH,  N.  J.      On   the  Geology  of  the  Eastern   Part  of  Yorkshire. 

Ann.  Phil,,  Ser.  2,  Vol.  III.,  p.  374. 
YOUNG,  liEV.  G.,  and  J.  BIRD.    A  Geological  Survey  of  the  Yorkshire. 

Coast.     Ito.     Whitby,    Ed.  2,  in  1828. 

1823. 
TAYLOR,  R.  C.    Geological  Section  of  Hunstanton   Cliff,  Norfolk.  Phil, 
Mag,,  Vol.  LXI.,  p.  81. 

1824. 
BUNBURY,  SIR  H.    On  the  Strata  observed  in  boring  at  Mildenhall, 

in  Suffolk.     Trans.  Geol,  Soc.,  Ser.  2,  Vol.  I.,  p.  379. 
DI^:  LA  BECHE,  SIR  H.    Remarks  on  the  Geology  of  the  South  Coast 

of  England,  from  Bridport  Harbour,  Dorset,  to  Babbacombe  Bay, 

Devon.     Trans.  Geol.  Soc,,  Ser.  2,  Vol.  I.,  p.  40. 
FITTON,  DR.  W.  H.    Notes  on  Parts  of  the  opposite  Coasts  of  th  English 

Channel,  from  Deal  to  Brighton  and  from  Calais  to  Treport.    Ann, 

Phil,,  Sei   2,  Vol.  VIII.,  p.  67. 
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T.  v.,  392. 

Holkham,  259. 

Holkham  HaU,  251. 

Homington,  77. 

Homceoaolen  ramidoaus,  18. 

Hopkinson,  J.,  232,  425,  432,  433. 

Hornsea,  278. 

Hughes,  Prof.  T.  McK.,  164,  404. 

Hume,  Dr.  W.  F.,  310,  319,  325,  329, 
338,  361-365,  368,  373,  374,  376, 
378. 

Hunmanby,  283. 

Hursley,  62. 

Hurstbourae,  187,  189. 

Hutchin's  History  of  Dorset,  433. 


Ib)>etson,  Capt.,  396. 
Icklingham,  243,  386. 
Ilsley,  202. 

Inftdaster  excentrictts,  20. 
Ingold,  J.,  240. 
Inklefield  Farm,  59. 
Inoceramus  Bed,  the,  398. 
Inoceramu^ldigikUus,  16. 

involtUtis,  16,  25. 

lotus,  16,  448,  449. 

pictit8/450. 

-prismB,'302,^317,  323,  347. 

0821. 


Ireland,  361,  368. 
Iron-oxide,  812,  319,  326,  338. 
Isle  of  Wight;  see  Wight. 
Iwerne,  120,  310,  313. 
Ixworth,  241. 


Jereica  clava,  22.      •  • ' " 
Johnston-La  vis,  H.  J.,  168. 


Kalm,  P.,382. 
Kenley  Beds,  176,  177,  180. 
Kent,  136,  165. 
Keston,  167. 
Kilecombe  Bridge,  63. 
Kimble,  412. 
Kingenalima,  18. 
Kingsley,  Ch.,  416. 
Kingsdown,  145. 
Kingsgate,  147,  148. 
Kingsclere,  183,  184. 
Kingston  (Sussex),  50. 

(Dorset),  112. 

Deverill,  75.  < 

Kintbury,  203,  393. 
Kipling  Cotes,  280,  282. 
Kirkaldy,  D.,  380. 
Kirk  EUa,  322,  326,  368. 
Kirmington,  274. 
Kitchin,  Dr.  F.  L.,  10,  149| 
Kits  Coty  House,  158. 
Knighton,  112. 
Knoyle,  76. 


Lambert,  J.,  295. 

Lamboum,  201. 

Lambcroft,  274. 

Lamellibranchiata,  16,  369,  375,  448. 

Lamplugh,  G.  W.,  275,  276,  278,  281- 

288. 
Lancing,  50,  63. 
Langdon  Stairs,  138,  140,  142. 
Langford,  Steeple,  72. 
Lapparent,  A.  de,  297,  299. 
Lasne,  M.,  294. 
Leiodon  anceps,  14. 
Lonnier,  M.,  296,  297. 
Letcombe,  201. 
Letchmoor  Heath,  232. 
Levants,  431. 

Level  of  saturation,  427,  429,  434. 
Lewes,  46,  319,  320| 
Lewisham,  167,  168, 
Lexham,  256. 
Lezennes,  292. 
Lille,  291,  292,  363.  j 
Lima  aspera,  450. 
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Lima  dongata^  45  li 

granoaat  16. 

Hoperi^  16, 25| 

loBviusculaj  16* 

Limber,  275. 
Lime,  making  of,  387« 
Lincolnshire,  271,  413. 
Lingheath,  241,  243. 
List  of  fossib,  459. 
Litcham,  256. 
Litchfield,  184, 187. 
Littlewick  Green,  218. 
London  Basin,  13,  435,  440, 

Clay,  422,  438. 

Longstock,  63. 

Loriol-Lefort,  M.,  455. 

Louth,  271,  272. 

Lucas,  J.,  382,  432| 

Lulworth,  108. 

LunulUea  cretaeeat  18| 

Luton,  224,  226,  315,  344^ 

Lyell,  Sir  Gh.,  261. 

Lyme  Regis,  126,  126,  303,  310,  312. 


Magaa  pumilus^  18. 

Maiden  Newton,  118,  317,  399. 

Mansergh,  Mr.,  437. 

ManteU,  G.  A.,  28,  449. 

Mapledurham,  217; 

Marcasite,  341. 

Markyate  Street,  224. 

Margate  chalk,  1,  135,  145,  148,  327, 
330. 

"ilarlow,  217. 

Marlborough,  194,  197-199 

Downs,  411,  416. 

Marham,  384. 

Marne,  Department  of  the,  292. 

MaraupUes  testvdinariw,  20,  21. 

zone  of,  3,  4,  37. 

Martesia  rotunda,  16. 

Marwell  Road,  62. 

.Maaey,  P.  E.,  380. 

Matrix  of  Upper  Chalk,  343. 
Medmenham,  212,  216,  311,  315,  319. 

320,  344,  384. 
Medway,  valley  of  the,  100,  161,  164. 
Melbury  Hill,  408. 
Melcombe  Bingham,  408. 
Mercey,  M.  de,  292,  294. 
Mere,  75. 
Mersly  Down,  94. 
Metopaster,  species  of,  20. 
Meyrick,  E.,  2,  194,  198,  199. 
Mica,  310,  312,  341. 
Micheldever,  188,  189. 
Micraster  coranguinum,  19,  20,  27. 
cortestudinariumf  15,  20,  26. 


Micraster  Leskei,  17,  20,  34 

prcBCursor,  7- 

species  of.  7,  20,  22. 

Microscopic  structure,  302. 
Microcline,  34 I.- 
Middlesex, 223,  231. 
Middleton,  63. 
Milford,  81,  331,  334.' 
MiU,  H.  R.,  404,  405. 
Minteme,  347. 
Missenden,  210. 
Mitcham,  438. 
Alitraster  HurUeri,  20^ 

rugatus,  20. 

MoUusca,  as  evidence  of  depth,  365, 

369,  374. 
Monks  Eleigh,  244. 
Monkbhatch,  176,  317. 
Morgans  Hill,  195,  196. 
Morison,  Dr.,  227. 
Mortimer,  R.,  277,  283,  285,  358. 
Mosasaurus  Camperi,  14. 
Mottisfont,  64. 
Mottistone,  94. 

Mundesley,  263,  341,  342,  346. 
Mupe  Bay,  102. 

Nailboumes,  431. 
Natica  vulgaris,  16. 
Nautilus  flewriausianub,  14. 

svhlcRvigatus,  14. 

Needham  Market,  245. 

Nedging,  245. 

Netherhampton,  78,- 

Nettlebed,  207. 

Newbury,  203. 

Newhaven,  37,  39. 

Newton,  E.  T.,  179,  237,  447,  460. 

Newsells  Bury,  236. 

Nodules,    green-coated,    72-78,    93, 

98,  117,  184,  186,  194,  201,  208, 

226,  237,  238,  373,  394 ;  see  also 

Chalk  Rock. 
Norfolk,  249. 

Normandy,  Chalk  of,  295-299. 
Normandy  Farm,  120. 
Norrington,   188. 
North  Downs,  403. 
North  Sea  Landing,  281,  282. 
Northfleet,  166,  168. 
Northwould,  384. 
Norwich,  11,  249,  251,  259.  335.  330. 

339,  375,  385,  386. 
Notton.  119. 
Nutford,  117. 

Oakham  Close.  118. 
Oare,  195,  198. 
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Odiham,  190. 
Odstock,  79. 
Off  aster  piUvla,  20. 
Offham,  46,  47. 
Ogboum  Maisev,  197. 
OkefordHiU,  117. 
OJdbury  Hill,  197,  198. 
Oreaster  bidbiferus,  20. 

pMtillifenis,  20. 

Ormsby,  273,  274,  357. 

Ostracoda,  309,  318,  324,  329.  333, 

336. 
Ostrea  acutirostrist  16. 

canalicvlcUa,  16,  452. 

hippopodium,  453. 

lunata,  16,  25,  452. 

semiplanay  16,  453. 

vesicidaris,  16. 

wegtnaniaiia,  16. 

Otterboume,  357. 
Ouse,  Valley  of  the,  46. 
Overton,  188,  189. 
Ovingdean,  37. 
Owennoyne,  112. 
Oxfordshire,  205. 


Pachastrdla  convcltda,  22. 
Pachydiscua  peramplusy  14,  15. 
Paine  and  Way,  Measre.,  395. 
Pakenham,  241. 
Pangbouro,  214,  215. 
Paramoudras,  12,  259. 
Paris  Basin,  290,  295. 
Pasley,  Major-Gen.,  387. 
Pecten  cretostis,  16,  25. 

mantdlianuSy  16,  25. 

Nilssonij  16. 

robinaldiniis,  454. 

rotomagensis,  464. 

Pegwell  Bay,  145. 
Penning,  W.  H.,  236,  421. 
PenUigonaster  megaloplax^  20. 
Petahpora  pulcheUa,  18. 
Pewsey,  Vale  of,  195,  409i 
Pharetrospongia  Strahani,  22a 
Phillips,  W..  6,  7,  28,  136,  143. 
Phosphatic  chalk.  46,  220,  307,  323, 
nodules,  72,  76,  93, 98, 117,  184, 

194,  201,  208,  226,  237.  238,  373. 

394. 
Physical  features  of  chalk  districts, 

402. 
Pioardy,  294. 
Piddletown,  112. 
Piddletrenthide,  118. 
Pinhay   cliffs,     125-128,    303,    312, 

313,  344. 
Pinkneys,  218. 


Player,  H.,  400^ 
Pleurotomaria  perspectiva,  16. 
PlinthoaeUa  compaclay  22. 

d^uamoMi,  22. 

Plocoacyphia  convolvitaj  22. 
Plumpton,  48. 
Pollard,  Dr.  W.,  398,  399. 
Polyptychodon  interruptus,  14s 
Porochonia  simplex,  22. 
Porosphaira  globularis^  22.' 
Port  Susette,  298. 
Portland  Cement,  387. 
Portobello,  39. 
Portsdown,  69. 
Pourville,  289. 
Preston,  Rev.  T.  A.  416. 
Preston  (Herts),  226. 
Prestwich,  Sir  J.,  439.  ' 
Prionocydus  Neptuni,  I4t 
Proboscina  ramosa^  18. 
Paevdodiadema  Brongniarti,  455f 

Mackiei,  456. 

Ptychodus  Otoeni,  14. 
Ptychoceras  Smithi,  14. 
Punfield  Gove,  319,  398. 
Purley  Beds,  177. 

Junction,  177, 178. 

PvMvlipora  puMtdosaf  18. 
Pycnaater  anguskUus,  20. 


Quartz-grains,   310,   312»   319,   325, 

329,  333,  338,  341,  344i 
Quidhampton,  78. 


Radiolaria,  174. 

Ramsgate  chalk,  1,  135,  145,  147f 

Ravendale,  274. 

Redhom  Hill,  194. 

Reims,  294. 

Reid,  a,  45,  56,  111,  117.  118.  122, 

123,  260-263,  276,  341,  420,  422.; 
licmcnham,  216,  218. 
Reptilia,  14. 
Reticulipora  Miqua,  18. 
Rew  Farm,  110,  306.  313. 
Rhabdoliths,  343. 
Rhizammiiiay  332. 
Rhodes,  J.,  39,  40,  46,  47,  48,  60,  53, 

55,  90,   130,   134,    161-164,   217- 

219,  224,  227,  232,  249,  266,  266. 

383. 
RhynchoneUa  limbaia^  18,  23. 

plicatUis,  18,  23. 

reedefisia,  17,  18. 

Richmond,  172,  437. 
Riokinghall,  246. 
Rickmansworth,  231. 
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Riddleedown,  178f 
Ringland,  257.- 
Ringwold,  150. 
Risborough,  210.- 
Road-meUl.  393. 
Rochester,  164. 
Roedean,  37,  38. 
Ropley,  62. 

Rose,  a  B.,  249,  255,  236,  6S'S. 
Rottingdean,  40. 
Rouen,  296. 

Rowe,    Dr.    A.  W.,  2,   4,    7-11,   28, 
31-34,     37-40,    97  91).     101-108, 
L  112,  128,  130,  134,  136,  138,  140- 
f?150,   240,  244,   275,   371,   459. 
Royston,  235,  236| 
Rudham,  255. 

Rugen,  chalk  of,  12,  264,  376. 
Runton,  260| 
Rutile,  341. 

Saffron  VValden,  239. 

Sahara  Tony,  255. 

Salenia  geometric^,  20. 

Salisbury,  69, 78, 80, 33 1 ,  336, 339, 357. 

Plain,  416,  418,  419. 

Salts  in  chalk  water,  438,  440. 

Sanford,  P.  G.,  355. 

Saturation,  level  of,  427,  429,  434. 

Saunders,  J.,  226,  227,  382. 

Saxham,  239. 

Sccdaria  decor ala,  448. 

Scanes,  J.,  75. 

Scaphites  Oeinitzij  14. 

Scratchalls  Bay,  91. 

Seaford,  37,  38. 

Seberton,  59. 

Sdiscothon  planus^  22. 

Selwicks  Bay,  283,  286. 

Senneville,  296,  298. 

Sononian,  3,  295,  300,  362. 

Septifer  linecUuSt  16. 

Serpida,  species  of,  18. 

Setques,  290. 

Sewerby  Park,  287. 

Shakespeare's  Cliff,  140. 

Shalcombe,  93. 

Down,  90. 

Shalboumc,  Vale  of,  195. 

Shapwick,  122. 

Shaw,  203. 

Shawford,  62. 

Shell-fragments,  303,  307,  317,  322, 

327,  331,  336,  340,  343. 
Sliepreth,  389. 
Sherborn,  C.  D.,  4,  28,  144. 
Sherborne,  385. 
Shilleto,  N.,  388. 
Shiplake,  218. 


Shipp,  Mr.,  123. 

Shootcnd,  82. 

Shoreham,  50,  358. 

Shudy  Camps,  239. 

Sibertswold,  150. 

Siplionia  KoRuigiy  22. 

Skertchly,  S,  B.  J.,  241, 243,  384,  385 

Smeaton,  Mr.,  379. 

Smith,  E.  A.,  366. 

,  V-'.    Xx.,  OoU. 

,  M.,  202. 

Sdaridla  gemnuUa,  15,  16. 

Somerset,  125. 

South  Downs,  404. 

South  Sea  Landing,  286. 

Southcrham,  46,  48,  307,  400. 

Southington,  188. 

Sower  by.  Rev.  J.,  416. 

Sparsholt  Down,  201. 

Spettisbury,  121. 

Spheres,  304,  316,  317,  327,  331,  33-5, 

340,  348. 
Spicules,  see  Sponge. 
Spondylus  duiempleamLS,  16. 

lotus,  16,  451- 

spinosus,  16. 

Sponge  spicules,  303  305.^  308,  316, 

336. 
Spongida,  20. 
Springs,  425. 
St.  Ann's  Hill,  195. 
St.  John's  Station,  167,  168. 
St.  Margaret's  Bay,  135, 141, 143, 144. 

Chalk,  1,  6,  7,  135. 

St  Mary  Bourne,  184,  194. 

St.  Omer,  4,  290. 

St.  Oswald's  Bay,  lOS 

St.  Valery,  298. 

Staniland,  M.,  360. 

Stapleford,  74. 

Stather,  J.  W.,  2, 282,  284-288,  459. 

Stetchworth,  238,  355. 

Stevens,  J.,  184,  187. 

Stevenage,  226,  232. 

8tic1\ophyma  tumidum,  22.. 

Stinsford,  112. 

Stockbridge,  63. 

Stoke  Hill,  184, 186. 

Stomatopora  Dixoniy  18. 

gracilis,  18. 

Stour  Valley,  116. 

Stourpaine,  116,  320. 

Stowmarket,  236. 

Strahan,  A.,  46,  88,   89,^93,  97-99. 

103,  108,  109,  112,' 219,  220,  294 

323,  373,  400,  401.  " 
Strangways,  C.  Fox-,  280. 
Stratford,  78. 
Streatham,  172. 
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Streatley,  203.| 

Strombeck,  A.  von,  10. 

Stroud  (Kent),  164,  168. 

Structure  of  Upper  Chalk,  302  et  seq, 

Studland  Bay,  101,  329,  339,  357. 

Sturminster,  122. 

Stutton,  235. 

Subsidence,  evidence  of,  367. 

Subterranean  stratigraphy,  435 

Sudbury,  244. 

Suffolk,  235,  240.' 

Surrey,  172,  395. 

Sussex,  coast  of,  28. 

,  inland  parts  of,  45. 

Sutton  Scotney,  190. 

Waldron,  116. 

Swaffliam  (Norfolk),  253,  256,  304, 

386. 
Swanage,  98,  319,  320. 
Swanland  MiU,  278. 
Swanton,  258. 
Swindon,  boring  at,  441. 
Swyre  Head,  104, 106. 
Sydling,  118,  119. 
Synechodus  dubrisiensis,   14. 

Taplow,  206,  207,  219,  323,  372,  400. 

Tarrant  Crawford,  122. 

Taylor,  R.  C,  256,  384. 

Teall,  J.  J.  H.,  310,  329,  341,  346. 

TerebrcUula  camea,  18,  21. 

aemiglobosa,  18. 

TerebrcUulina  gracilis,  18,  23. 

Oisei,  18,  23, 

Eowei,  18. 

striata,  18. 

Textularians,  303,  322,  327,  340,  347. 
Thames  Haven,  437. 

,  Valley  of  the,  205. 

Thanet,  145. 

Thecidium  vertniculare,  18,  23 
Therfield,  236. 
Thetford,  255. 
Thomcombe,  121,  123. 
Thomwick,  280,  281. 
Thorpland,  258. 

Thresh,  Dr.  J.  C,  436, 441, 442, 443. 
Tidoombe,  195. 
Tisted,  East,  58. 
Toller  Whelme,  119. 
Tomes,  R.  F.,  83. 
Topley,  W.  H.,  404. 
Tottemhoe  Stone,  381,  398. 
Touraine,  362. 

Tourmaline,  301,  312,  319,  341. 
Townsend,  Rev.  S.,  193. 
Trigonosemus  degana,  18. 
Trimingham,  5, 12, 249, 261, 340, 342, 
346,  359»  374,  375. 


Tring,  223,  224. 
Trochua  SchliUeri,  16. 
Turbo  Oeinitzi,  16. 

gemmaius,  see  Solanella. 

Turonian,  295,  300,  362. 
Tuttle,  F.  J.,  393. 


UflFord,  79. 

Uintacrinus  tveslfalicus,  20,  37,  80. 
Undulations  of  Chalk,  429,  436. 
Unicardium  ringmeriense,  454. 
Unconformity  of  Eocene,  12. 
Uplands,  Chalk,  414. 
Urchfont,  194,  364. 


Valenciennes  Farm,  224. 
Valleys  in  chalk  districts,  418. 
VentriculUea  mamtnillarist  17.  22. 

other  species  of,  22. 

Vemiculina  jdicata,  22. 

Rewai,  22. 

Vervins,  293. 
ViUedieu,  297,  299. 
Vai^quier,  296,  297. 
Vincularia  diaparilia,  1^ 
aantonenaia,  18. 


Wadeford,  126. 
Walker,  Mr.,  391. 
Wallington,  226. 
Walmer,  136,  144. 
Wangford,  243. 
Wantage,  202. 
Wardour,  Vale  of,l69,  406. 
Wargrave,  218. 
Warminster,  71. 
Warmwell,  112. 
Warming  Camp]^HUl,  53,  65. 
Wcurrington,  R.,  440. 
Waters,  analyses  of,  443,  444. 

supply,  426. 

Wattisfield,  244. 

Way,  Prof.  J.  T.,  367,  386. 

Weaverthorpe,  2S3, 

Weighton,  280,  282. 

Wells  (Norfolk),  268,  269. 

Wells  sunk  in  chalk,  435. 

Westbury,  194. 

Westlake,  E.,  4, 10, 78, 183, 184,  186- 

188,  190,  469. 
Westley  Waterless,  237,  366. 
Weston  (Herts),  227. 

(Hants),  190, 

Weyboum,  260. 
Whaddon,  81,  331,  334. 
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Whatcombe,  121,  122. 

Wherry  spring,  the,  433. 

Whitaker,  W..  1,  91,  93,    135,   144- 

147,  166,  166,  167,  184,  195,  207, 

212,  224,  227,  246,  253,  391,  422, 

428,  433, 436, 439, 441, 444. 
Whitcombe,  112. 
WTiitchurch  (Bucks),  215. 

(Hants),  183,  187,  188, 190. 

White,  H.  J.  O.,  203,  215,  216. 
White  Cross  HUl,  412. 

Horse  Hill,  411. 

Nothe,  105,  107 

Whitening,  393. 

Whiteness,  148. 

Whitolands  cliff,  129. 

Whorn's  Place,  159. 

Wight,  Isle  of,  87,  314,  321,  339,  357, 

396,  399. 
Wily.  Valley  of  the,  70,  74.^ 
Wiltshire,  North,  193,  409. 

,  South,  69. 

Winchester,  60. 

Winkfield,  boring  at,  172, 207. 

Winnal,  61. 

Winterboumo  Abbas,  109,  304,  305, 

433. 

Kingston,  123,  433. 

St.  Martin,  110. 

Wishford.  73,  74. 

Witherington,  79. 

Woe-bournes,  431. 

Wold  Newton,  28.'). 

Wolds,  the,  413,  417. 

Wood  Ditton,  238. 

Woodford,  Middle,  74,  78. 

Woods,  H..  83, 204, 227,235, 2:n,  238, 

365,  366,  459. 
Woodward,  Dr.  A.  S.,  83,  378. 
,  H.  B.,  236,  251,  268,  259,  264, 

283,  387,  441. 


Woodward,  S.,  246,  249,  269L^ 
,  S.  p.,  456,  456. 

Wratting,  237. 
Wyham,  274. 


Yarbridge,  89,  92. 
Yonne,  Department  of  the,  295. 
Yorkshire,  275,  368,  413,  414,  417. 
Yport,  296,  298. 


Zircon,  341. 

Zonal  subdivision,  3. 

Zone  of  Bdemnitdla  mucraruUa,  11, 

59, 6*2, 82, 93, 99, 103, 1 1 1, 122, 246, 

295,  300,  335. 
Actinocamax  quadratusj   10,  38, 

55,  81,  93,  99,  102,  107,  111,   121. 

189,  245,  257,  287,  294,  300,  331. 
Hdaster  platAu,  6,  30,  47, 62, 58, 

60,  71,  89,  98,  102,  106,  116,  126, 

138,  157,  173,  184,  194,  201,  207, 

223,  235,  253,  272,  278,  290,  295, 

302. 
Mar,-^upUe8,  3, 4, 9,  36,  53, 59,  61, 
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PLATE    IX. 

Fig.  1. 

Chalk  Rock,  Medmenham,  Bucks. 

a,  a,  Echinoid  fragments  present  in  nearly  every  specimen  of  the 
chalk  at  this  horizon  ;  b.  a  si)onge  spicule  ;  c.  Cristellaria  ;  d,  Pulvinu- 
lina  ;  e.  Globigerina  ; ./'.  ^ins  of  glauconite  ;  g.g.g.g,  minute  tubular 
holes,  prol)ably  casts  of  mmute  sponge  spicules  present  in  most  si)eci- 
meos  of  Chalk  Rock. 

Fig.  2. 
Chalk  Rock,  Hitchin,  Herts,  showing  a  portion  of  a  phosphatic 

NODULE. 

a.  the  nodule ;  b,  the  matrix  ;  r.o.  Echinoid  fragments ;  d,  Globi- 
gerina ;  e.e.e.e.e.  minute  tubular  holes  ;  /.  grain  of  glauconite. 

Not€,^This  Plate  follows  on  from  Plate  VIII.  in  Vol.  II.  of  this  Memoir. 


Pis.  I.     Chalk  Roclt.     .Mi-tliiK-nliam. 

"  22  di;im. 


piR.  2.     Chftik  Rncit,  shewing  portion  of  nodule. 
Hitchin. 
.    22  diani. 
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